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August 31, 1983
f •-i ^

Mr. Mike Johnston
Chief, Air Operations Section
Region X
1200 Sixth Avenue «
Seattle, Washington 98101

Mr. Doug Lowery 
Regional Supervisor 

■Alaska Department of
Environmental Conservation 

Pouch 1601
Fairbanks, Alaska 99707 : -■ ■

SUBJECT: 1983 Compliance Test Plih
PSD-X82-01
8336-AA002

Dear Sirs:

I have attached the 1983 test plan for NO „ compliance tests {Condition 6a, PSD X82-01) in the K^paruk River 
Unit.^ These stack tests are scheduled to coincide with 
the Prudhoe Bay tests September 19-26, 1983.

The tests will be performed on a 14,000 HP turbine and a 
10 million (MM) Btu/hr drill site heater by Chemecology 
Corp. Condition 6a of the PSD permit (referenced above) 
provides that a single heater may be tested and the test 
results submitted as representative of other similar 
drill site heaters. The .attached test plan, submitted 
for your approval, proposes to use this approach by 
testing the one lOMM Btu/hr process heater.

Please contact me (907) 263-4307
questions regarding this test plan.

if you have any

Sincerely,
(hCivJ

■#

■

Alan J. Schuyler 
Senior Engineer 
Regulatory Compliance
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cc; D. Estes, ADEC-Juneau - w/attachment
L. Johnson, Chemecology - w/o attachment 
S. Torok, EPA-Juneau - w/attachment
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ARCO Alaska, Inc.
Post Office Box 360 
Anchorage, Alaska 99510 
Telephone 907 277 5637 #- 1----T<s

August 31, 1983

2jm± ,

rj&.- ipMbBAg

Mr. Mike Johnston
Chief, Air Operations Section
Region X
1200 Sixth Avenue 
Seattle, Washington 98101

Mr. Doug Lowery 
Regional Supervisor 
Alaska Department of

Environmental Conservation 
Pouch 1601
Fairbanks, Alaska 99707

SUBJECT; Compliance Test Results
PSD-X82-01
AQC-470B

- Kuparuk River Unit j

Dear Sirs:

Please find a copy of the NO compliance tests 
performed on units P2101A and P2i0lB, turbine-driven 
water injection pumps. May 17-19, 1983 at the Kuparuk
Central Production Facility #1. The Ruston TB-5000 
turbines were tested by KVB, Inc. of Irvine, California 
and witnessed by Ron McAllister of the Department of 
Environmental Conservation.

If you have any questions, please contact me at (907) 
263-4307.

Sincerely,

Alan J. Schuyler 
Senior Engineer 
Regulatory Compliance

AJS:tlh-0031

Attachment

cc: D. Estes, ADEC-Juneau
R. McAllister, ADEC-Fairbanks
S. Torok, EPA-Juneau

w/attachment 
w/attachment 
w/attachment

ARCO Alaska, Inc. is a subsidiary of AtlanticRichfieldCompany
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SECTION 1.0 

INTRODUCTION

Ruston Gas Turbines, Inc., retained KVB, Inc., to perform emissions 

testing on two Ruston TB-5000 gas turbines located at an ARCO Alaska, Inc., 

production facility (CPF-1) in Kuparuk, Alaska. Hie purpose of these tests 

was to characterize the turbine's full load gaseous emissions when firing 

natural gas fuel and to comply with Condition 6A of the Kuparuk River unit's 

federal air quality permit PSD-X82-01 which requires U.S. Environmental 

Protection Agency (EPA) Method 20 NOx stack testing. Each turbine is used as > 

a prime mover to operate a Bingham water injection pump with a nominal pumping 

capacity of 80,000dlj>arrels of water per day. The turbine/pump unit is 

designed to operate the TB-5000 turbine at near 80% of turbine horsepower 

capacity, thus maximum production rates were tested in this test program—80% 

capacity (78,000 bbl/day) on P2202B and 83% (83,000 bbl/day) capacity on 

P2202A. Because of the advanced combustion design of the Ruston gas 

turbines, the low emissions that were measured were obtained without water or 

steam injection or other types of NOx reduction techniques. The stack exhaust 

constituents that were measured included NO, NO2, 02» CO, C02» particulates, 

and H2O.

The turbines tested were Ruston TB-5000 combustion turbines nominally 

rated at 4900 bhp. A single load condition (base operating load) was proposed 

for testing during the program. Gaseous test data was collected from the 

exhaust stack through two ports at right angles to each other using a traverse 

of eight sampling points per port. Particulates were sampled isokineticallyf- 

also through the exhaust stack ports. Velocity and O2 traverses were 

conducted through both ports for determination of any stratification.

This report details the results of testing conducted on May 17, 18, 

and 19, 1983. Section 2 provides a description of the turbines and their 

normal operating characteristics. Section 3 contains a discussion of the 

measurement techniques used in obtaining the emission measurements and a 

documentation of quality assurance. The test results are presented in 

Section 4.

KVB71 66500-2052



SECTION 2.0

UNIT DESCRIPTION AND OPERATION

■nie Ruston type TB-5000 gas turbines tested at the ARCO Alaska 

facility in Kuparuk, Alaska are rated at 4900 bhp (ISO rating). The two 

turbines of concern, identified as P2202B and P2202A, were tested May 18 and 

19, 1983, respectively. Tliese turbines are linked with water injection pumps 

used to reinject the water produced with oil from the Kuparuk River oil 
field. Hie design of pump/turbine unit does not allow the turbine to run at 
100% of turbine horsepower capacity. Under normal (maximum) operating condi
tions, the units are run at about 80% of turbine capacity. Figure 1A shows a 

skid mounted Ruston TB-5000 gas turbine. A cross-sectional view of the gas 

turbine is shown in Figure IB. Hie gas turbine basically consists of an 

ambient air duct, air compressor, four combustion chambers, power turbine, 
exhaust duct, and the rotor shaft.

The full load, uninstalled operation of the gas turbine is discussed 

below. Hie air compressor receives ISO ambient air and discharges it at 102 

psia. Hie compressed air then flows bo the combustion chambers where the bur
ners, firing gas, combust the fuel. Hie combustion products exit the chamber 
at a pressure and temperature of 95.9 psia and 1633°F (1163“K), respectively. 
Hie combustion gases drive the gas generator and power turbines after which 

they exit through the exhaust duct at a pressure and temperature of 14.7 psig 

and 944®F (780®K), respectively. Hie power turbine drives the rotor shaft at 
a nominal speed of 7950 revolutions per minute, delivering 4900 bhp.

KVB71 66500-2052
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SECTION 3.0

EMISSIONS MEASUREMENT TECHNIQUES

Compliance testing for emissions of oxides of nitrogen was conducted 

by KVB, Inc., using a modified version of EPA Method 20.*’-" The modification was 

in the gas conditioner. This modification consisted of a water knockout at 
the stack followed by inert plastic sampling lines. Documentation of the 

accuracy of this method is included in Appendix A.

NQx, O2, CO, and CO2 were continuously monitored during each test.
Unit P2202B testing consisted of three 15-minute runs for a total of 45 

minutes of sampling. The gaseous emission concentrations were recorded every 

five minutes. Unit P2202A testing consisted of three separate 8-point 
traverse tests. A detailed drawing of the stack showing the port locations is ; 
presented in' Figure 2. Sampling time at each point was seven minutes for a 

total test time of 168 minutes on Unit P2202A. Sampling points in each stack 

were determined using EPA Method 1.

Particulate emissions were measured using a wet impingement method on 

IMit P2202B and EPA Method 5 on Unit P2202A. The wet impingement method has 

been accepted by the South Coast Air Quality Management District (SCAQMD) for 

emissions testing in the South Coast Air Basin. This technique differs from 

EPA Method 5 in two ways. First, the probe is not heated; and second, the 

filter normally placed prior to the first impinger is located between the 

second and third impingers. In all other aspects, the methods are identical 
both in testing procedure and in sample analysis. For a more complete 

description of both methods, refer to Appendix B. Particulate sampling on the f 

units consisted of two 3-hour tests each. The isokinetic proportional 
sampling was performed at a single point previously determined to be 

representative of the gas flow.

3.1 CALCULATION TECHNIQUES

During the test, a fuel gas sample was extracted from the gas manifold 

and analyzed (see Appendix C for gas analysis). A KVB computer program was 

used to determine the stack gas flow rates based on theoretical calculations. 

Appendix C contains these computer results.

KVB71 66500-2052
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The reported NOx emissions (Ib/hr) are based on the moles of flue 

gas/cubic foot of gas fuel. Itie reported NOx emission rates were calculated 

using the following equation derived from basic combustion stoichiometry:

NOx (Ib/hr)
NOx X C02^^ X A X HHV x 60 x (20.95 - 3% O2)

CO2 X (20.95 - 15% O2) X K x IO'
(3-1 )

where:
NOx

15
measured NOx, ppm, dry

% dry at 15% 0,

A
HHV
CO

K

fuel flow, Ib/min 

fuel higher heating value, Btu/lb 

2 = measured CO2, % dry
constant (calculated from computer results)*

The CO2 ^ value was calculated using the stoichiometric CO2 value

determined from the fuel gas analysis computer program results (Appendix C). 
The stoichiometric CO2 value was then corrected to 15% O2. The fuel flows 

were calculated using the fuel flow calculation sheet supplied by ARCO 

Alaska. The fuel gas density supplied in the fuel analysis was taken into 

account when computing the flow rate.

It should be noted that these values were corrected to the CO2 equiv
alent of 15% O2. T^iis was done based on a previous KVB study (Appendix D) 
which shows that for the levels of ©2 and CO2 measured when testing a gas 

turbine, correcting to CO2 is more accurate than correcting to O2 (i.e,. when 

the stack O2 is greater than 10%).

A sample calculation using Equation (3-1) is presented below:

Example: Test No. 3/1

Given: K = 835.0*
39.3 ppmNOx 

^ 15

A
HHV

3.52%
25.92 Ib/min 

22,400 Btu/lb 

2.33%

*See Appendix C for calculation of K values.
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NQx (Ib/hr) 

NQx (Ib/hr)

(39.3)(3.52)(25.92)(22,400)(60)(17.95) 
(2.33)(5.95)(835.0)(10®)

7.5 Ib/hr

3.2 QUALITY ASSURANCE DOCUMENTATION

Appendix E contains all of the instrumentation quality assurance tests 

performed before and during the emissions tests. These included tests on the 

TBCO Model 10AR NOx instrument contained in KVB's portable instrument pack
age. These tests documented the linearity of the instrument using ERA Pro
tocol 1 analyzed NOx calibration gases, linearity between the ranges on that 
instrument, converter efficiency checks, and interference data sheets provided 

by the manufacturer of the instrument.

Also included in this quality assurance procedure is an interference 

test on the Teledyne Model 325 oxygen analyzer using instrument zero gas and 

ccxnparing the interference response when introducing 10% CO2 into the 

analyzer. These tests indicated that there was no interference at this high 

level of CO2 gas.

Appendix F contains the certifications of the EPA Protocol 1 analyzed 

NOx, CO, and CO2 calibration gases and cross-certifications of the field NOx 

calibration gases using the EPA Protocol 1 gases, and includes the analysis 

data sheets to demonstrate that these gases were within specifications. The 

NQx EPA Protocol 1 gas was actually used in the field to calibrate the instru
ment for all the tests as the emission concentrations were within the zero to 

100 ppm scale.

Appendix A contains documentation of KVB's internal quality assurance 

checks, demonstrating that the proposed technique for sample conditioning of 
stack gas minimized any possible loss of NO2 occurring in the sampled gas.
This documentation was performed in the laboratory at a much lower flow rate 

than normally encountered in the emissions portable package, and while some 

minor losses were encountered, it is anticipated that due to the much higher 

flow rate actually utilized during the test program, the gases would lose a 

negligible (i.e., less than 1 ppm) amount of NO2.
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Appendix G, in addition to the emissions data sheets, includes an O2 

traverse on Unit P2202B. This traverse was completed in order to demonstrate 

that the sample location contained a homogeneous composition of flue gas 

products.

KVB71 66500-2052



SECTION 4.0

TEST RESULTS AND DISCUSSION‘

Emissions measurements were taken while operating the Ruston turbines 

at 80% (P2202B) and 83.8% (P2202A) of full rated load. Hiis is the maximum 

production rate for which the turbine/injection pump unit is designed.
Appendix H contains a summary table of all operating data, a pump design 

curve, and individual copies of the gas turbine operating data sheets for the 

emission tests conducted on May 18 and 19, 1983. These include all available 

pertinent turbine and pump operating parameters including fuel flow indication 
(V^^), pump flow rate, pump suction and discharge pressure, turbine 

temperature and speed, and weather information. Appendix G contains all of^ 

the instrument data sheets for the test series and Appendix I contains 

particulate emission data sheets. The operating and emission data for the 

English units are summarized in Table 1, and the metric units are contained in 

Table 2.

Prior to obtaining NQx, ©2, CO, CO2, particulate, and H2O measurements 

on each unit, a velocity and O2 traverse was completed. The results from 

these traverses are depicted in Appendix I and indicated that no stratifi
cation was present. Emission concentrations were uniform across the exhaust 
duct.

NQx emission concentrations, dry at 15% O2, averaged 60.6 ppm for Unit 
P2202B, and 66.7 ppm for Unit P2202A. EPA Method 20 also contains an equation 

with v*ich to calculate the NOx concentration at ISO standard dry conditions, 
and is presented as follows;

NOx (NOx^bs> CsT e[19(H°*^® - 0.00633)] /288°K Y‘- 
y ^amb/

(4-1)>

As stated in EPA Method 20, the equation was incorrect in that the last term 

was presented as the inverse of the correct form. This revision is discussed 

in Appendix J. The equation accounts for specific humidity, and corrects to 

ISO standard conditions. Using Equation (4-1), average NOx emissions for the 

two units (15% O2, ISO) are: 61.7 ppm for Unit P2202B and 67.0 ppm for Unit

KVB71 66500-2052 
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TABLE 1. DATA SUMMARY - RUSTON GAS TURBINES TB-5000 GAS TURBINE 
TESTING AT ARGO'S KUPARUK FACILITY

ENGLISH UNITS

M
O

Test
No.

Date
1983 Unit

Load

%

Turbine Data Baro
metric 
Press, 

in. Hg.

Gaseous Bnissions

Particulate Ehiissions 
gr/DSCF mg/DSCF Ib/hr

Fuel
Rate
Ib/hr

Outlet
Temp

op

Turbine/
Pump
RPM

NOx
ppm

Oncorr

°2
%

• dry

CO2

%
dry

CO
ppm

Uncorr.

NOx
ppm at 
15% O2

NOx
PPm^

M-20
NOx

Ib/hr

CO
ppm at 
15% Oj

CO
Ib/hr

1 5/18 P2202B 80.1 1565 814 5725 30.04 33.3 17.74 2.19 22 61.7 63.4 6.8 40.8 2.73 0.002 0.151 0.775

2-2 to 2-5* 5/18 P2 202B 79.9 1565 820 5750 30.05 31.7 17.75 2.25 10 58.9 59.7 6.3 18.6 1.21 — — —
2-6 to 2-9* 5/18 P2202B 79.9 1565 820 5750 30.05 32.3 17.72 2.25 33.0 59.5 60.4 6.4 60.8 3.98 — — —
2-10 to 2-13* 5/18 P2202B 79.9 1565 820 5750 30.05 33.2 17.78 2.31 19.0 62.3 63.2 6.4 35.7 2.33 0.001 0.081 0.433

3-1* 5/19 P2202A 82.8 1555 856 5950 29.86 39.3 17.33 2.33 36.6 64.6 64.8 7.5 60.2 4.24 0.004 0.234 1.267

4-2* 5/19 P2202A 84.8 1555 860 6000 29.74 38.8 17.95 2.25 25.1 77.0 77.5 7.6 49.8 3.01 — — —
4-3* 5/19 P2202A 83.7 1555 853 6000 29.8 38.5 17.03 2.38 37.3 58.4 58.9 7.2 56.6 4.23 0.001 0.076 0.424

*EPA Method 20 test runs.

^NOx
ppm

(M-20) = (HOx^bs’ (1^)°'^ - 0.00633)]
KVB71 66500-2052



TABLE 2. DATA SUMMARY - RUSTON GAS TURBINES TB-5000 GAS TURBINE 
TESTING AT ARGO'S KUPARUK FACILITY

METRIC UNITS

Test
No.

Date
1983 Unit

Turbine Data Baro
metric
Press, 
mm Hg.

Gaseous Qnissions
Particulate Bnissions

Kg/hr
gr/DSCP mg/DSC F x lO"*

Load

%

Fuel Outlet Turbine/ 
Ra te Temp Pump
Kg/hr *K RPM

NOx
ppm

Uncorr

°2
%

• dry

^°2
%

dry

CO
ppm

Uncorr.

NOx
ppm at 
15% O2

NOx
ppm^

N-20

NOx
Kg/hr
X 10^

CO
ppm at 
15% Oj

CO
Kg/hr

1 5/18 P2 202B 80.1 3.45 708 5725 763 33.3 17.74 2.19 22 61.7 63.4 14.98 40.8 6.01 0.002 0.151 1.71

2-2 to 2-5* 5/18 P2202B 79.9 3.45 711 5750 763 31.7 17.75 2.25 10 58.9 59.7 13.88 18.6 2.67 — — —
2-6 to 2-9* 5/18 P2202B 79.9 3.45 711 5750 763 32.3 17.72 2.25 33.0 59.5 60.4 14.10 60.8 8.77 — — —
2-10 to 2-13* 5/18 P2202B 79.9 3.45 711 5750 763 33.2 17.78 2.31 19.0 62.3 63.2 14.10 35.7 5.13 0.001 0.081 0.95

3-1* 5/19 P2202A 82.8 3.43 731 5950 758 39.3 17.33 2.33 36.6 64.6 64.8 16.52 60.2 9.34 0.004 0.234 2.79

4-2* 5/19 P2202A 84.8 3.43 733 6000 755 38.8 17.95 2.25 25.1 77.0 77.5 16.74 49.8 6.63 — — —
4-3* 5/19 P2202A 83.7 3.43 729 6000 757 38.5 17.03 2.38 37.3 58.4 58.9 15.86 56.6 9.32 0.001 0.076 0.94

*EPft Method 20 test runs, 

t
KVB71 66500-2052
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P2202A. As expected, the two methods of obtaining NQx concentrations result 

in nearly identical values, "nie NOx mass emission rates calculated using 

Equation (3-1) are; 6.5 Ib/hr and 7.4 Ib/hr for Units P2202B and P2202A, 

respectively.

The CO emissions during the tests averaged 39 ppm (2.6 Ib/hr) for Unit 

P2202B; and 56.5 ppm or 3.8 Ib/hr for Unit P2202A. These values are typical 

values expected from this type and size of gas turbine utilizing natural gas 

fuel.

Particulate emissions ware measured twice on each unit. Tlie test 

data, calculations, and summary sheets are presented in Appendix I. The 

measured emissions on Unit P2202B averaged 0.116 mg/DSCF or 0.604 Ib/hr and 

0.155 mg/DSCF (0.846 Ib/hr) on Unit P2202A. Hiese low levels of particulate 

emissions were anticipated since natural gas was burned.

KVB71 66500-2052



APPENDIX A

SAMPLING SYSTEM VERIFICATION 
NO2 CONSERVATION
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TECHNICAL MEMORANDUM

TO;

FROM;

PC71 Engineers and Technicians 

R. D. Griffin

DATE; May 5, 1982

NO.; TM71-R-1055

SUBJECT; EPA METHOD 20; NO^ SAMPLING VEPJIFICATION 

COPIES; S. Hersh, S. Hunter, P. Thompson

As a part of our on-going quality assurance program, a series of tests 

was run to verify that using a gas conditioner at the stack would not compromise 

our ability to measure NOx, specifically NO^.

The sampling system o\Jtlined in my previous memo (TM71-R-1033) was 

set up in the lab. This is the sampling system used on all of oxir NOx compliance 

tests using instrumentation. A bottle of NO spam gas emd our Teco 100 NO^ 

generator was used to provide the NO euid NO2 needed for the tests. A one-liter 

freeze-out originally containing 100 ml of water was installed in series between 

the NO^ generator and the Teco NOx analyzer. This assembly is shown in Figure 

1. Dry ice or rock salt and water ice is used to jacket the water freeze-out 

trap.
The only difference between this system and that used in our vans is 

that our vans pull sainple gas at about 2 scfm vAereas this system could only 

run at 3 scfh. This flow rate difference would mean that, during actual test
ing, the sample gas would be exposed to the ice for about 1/40 of the exposure 

time encountered in these tests.

These tests were riin with the knockout/freeze-out trap (KO) in parallel 
with a KO bypass line. Total NOx and NO were determined by operating the Teco 

lOAR in either the NOx or NO mode; NO^ was determined by difference. A NOx 

concentration consisting of 75 ppm NO amd approximately 112 ppm NO^ was gene
rated for these tests.

KVB71 66500-2052



PC71 Engineers and Technicians 
TM71-R-1055

May 5, 1982 
Page 2

A summary of the 19 tests is given in Tcdsle 1. Table 2 itemizes the 

individual test data. A copy of the strip chart is given in Figure 2.

The results of these tests indicate that NO is completely conserved 

(as expected). NO^ as oeasiored by total NOx and NO^ (by difference) is con
served in excess of 90% by this system. The 6 to 9 ppm NO^ apparently lost 
(out of 112 ppm) across the water freeze-out trap is not considered signifi
cant since the rated accuracy is ± 2% of full scale (or ± 5 ppm on this range) 
Also, it is anticipated that at the much higher flow rates used in o\ir vans, 
these apparent losses would be even lower.

RDG:gc
Attachments: As Noted

KVB71 66500-2052



PC71 Engineers and Technicians 
TM71-R-1055

May 5, 1982 
Attachment

TABI^ 1. NOX/NO2 TEST RESULTS SUMMARY 
USING WATER FREEZE OUT CONDITIONER

Average of Tests, ppm
Test NumbersThrough KO KO Bypassed

NOx 180 186 6 8,10,14,16,
7,11,17

NO 75 75 0 18,19

NO^ 103 112 9 8/9,9/10,14/15,
2 11/12,17/18

Instrument: TECO lOAR
Range: 0 - 250 ppm
Rated Accturacy; ± 2% F.S.

rsco 100 i TECO lOAR 1

WOx
Span Cat

MOj Cenarator - Water 
rrceze Dot

■totancter MOx/HO
Analyzer

Aecorder

Figure 1. Instrumentation layout. NO2 conservation 
using water freeze out.
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TABLE 2. TEST DATA SUMMARY, NO2 CONSERVATION ACROSS WATER FREEZE OUT TRAP
DECEMBER 10, 1981
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Test No Figure 2. NO2/NOX using water freeze out - strip chart
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A RttMfch-ConnM Convmi

TECaJNICAL MEMORANDUM

TO;

FROM:

SUBJECT;

PC71 Engineers and Technicians 

R. D. Griffin

DATE: December 11, 1981

NO.: TM71-R-1033

EPA METHOD 20 NOx TESTING - COMBUSTION TURBINES AND 
INTERNAL COMBUSTION ENGINES

COPIES; S. Hersh, S. Hunter, L. Muzio, P. Thompson

I spoke with Dr. Peter Westlin of EPA's Emissions Measurement Division 

at Research Triangle Park, (919) 541-2237 on December 10, 1981 regarding alter
nates to some problem areas with respect to performing a "pure" EPA Method 

20 (Federal Register version, September 10, 1979). He said that the method 

will come up for extensive revision in 1982, but that alternative techniques 

were currently being reviewed. I outlined some of our alternative steps as 

listed below. He indicated that these would be acceptable alternatives to 

sampling in strict accordance with the requirements of EPA Method 20. The 

emphasis was on minimizing any possible loss of NO^ in sampling and measurement.

1. Gas Conditioner at Stack

Our technique is to immediately follow the sampling probe with small- 

volume (0.5 to 1.0 liter) water knockouts: typically, Greenberg-Smith impingers
with sawed-off tips. These knockouts are immersed in a bath of rock salt and 

ice (the ice container has a drain). This approach would freeze out any water 

on the sides and bottom of the knockouts and dry the gases to less than 0.5% 

moisture. (Rock salt and ice have a eutectic temperatuure of -20*C.) This 

approach, in addition to the high sample gas flow (typically 0.5 to 1.5 cfm), 
would minimize any possible NO2 absorption. Dr. Westlin indicated that this 

approach would be accept2d)le.

2. Converter Efficiency

Rather than using bottled gases of in nitrogen, which we have 

found to be rather unstable, KVB is currently using a TECO Model 100 NOx 

generator to generate NO2 from a bottle of NO span gas. Through a series of 
steps, the converter efficiency is measured directly by generating NO^ from
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PC71 Engineers and Technicieuis 
TM71-R-1033

December 11r 1981 
Page 2

the span gas, and then measuring that NO^ readout as it goes into the TECO 

instrument (sampling in the NOx mode). Dr. Westlin indicated that this was 

acceptable, and that they would be recommending a similar alternative proce

dure sometime during 1982.

3. Precision Flow Divider
In order to lower the cost of using EPA Protocol 1 gases, and to establish 

the linearity of instruments, we would propose to use a precision flow divider; 
that is, an instrument that dilutes a certified bottle of span gas down to 
a lower level using dry nitrogen. This instrument would be cross-checked with 

EPA Protocol 1 gases at 30%, 60%, and 90% of full scale. The high span gas 

concentration would then be diluted using the flow divider and the results 

compared for each dilution point with the dilution ratio calculated from the 

chart data. From this verification, the accuracy of the precision flow divider 

would be documented, and the instrument could be used in the field both for 

providing multiple gas concentrations for different instrument ranges and 

establishing instrument linearity. Dr. Westlin indicated that this would also 

be acceptable if the documentation were available for compliance testing at 

the site.

4. Field Calibration Gases
Rather than use expensive EPA Protocol 1 gases in the field with 

possible loss of such gases overnight (i.e., a regulator valve left open), 
we would propose the use of span gases (±2% accuracy) which have been cross- 
certified against EPA Protocol 1 gases and then use those gases in the field. 

The linear curve would be set up using several EPA Protocol 1 gases (i.e.,
30%, 60%, 90% F.S.), and the individual field gases would then be measured 

on that instrument. The concentration read on that chart vs. EPA Protocol 
1 gases would then be used for the true and actual level of NOx concentration 

in the field sampling bottle. Again, Dr. Westlin indicated that this would 

be acceptable if documentation were available during the field testing.
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December 11, 1981 
Page 3

PC71 Engineers and Technicians 
TM71-R-1033

Copies of a typical cross-certification check and the original EPA 

Protocol 1 gas certificate are attached to this memo, as well as a figure 

showing an acceptable S2unple handling schematic.

RDGtgc

Attachments: As Noted
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APPENDIX B

COLLECTION AND ANALYSIS METHODOLOGY 
OF PARTICULATE MATTER
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Sou'TH Co/h?-/

COLLECTION AND ANALYSIS 

OF PARTICULATE MATTER

4.1 SCOPE

Particulate matter concentrations in 
source emissions are determined gravimetrically 
after isokinetic sampling and removal of uncom
bined water.

4.2 METHOD SUMMARY

2.

The methods listed below are considered 
to give equivalent results. However, in some 
cases one method may be more practical than 
another. Selection of the appropriate method 
will be determined by the source test team 
supervisor after evaluating the process involved, 
stack conditions, and the physical requirements 
of the test.

1. EPA Method 5, with both halves 
(probe and filter, impingers) in
cluded for processing.
"Modified EPA 5" - filter and im
pingers; equipment not rigorously 
following EPA description, but frac
tions collected under similar condi
tions. (See paragraph 4.3.2 for de
scription details).
Wet Impingement Method (as de
fined in the L. A. County Source 
Test Manual) - wet impingement 
followed by ambient temperature 
filtration.

4.3 SAMPLING EQUIPMENT

4.3.1 EPA Method 5 - equipment with impingers

3.

are described in the Federal Register, Vol. 
36, No. 247, pages 24888 - 24890. (De
cember 23,1971)
Note; The filter temperature can be criti
cal; see paragraph 4.3.2(B) following.

4,3.2 "Modified EPA Method 5" - equipment 
may be arranged as shown in Figures 4.1 
and 4.2. The following comments apply to 
the operation of the equipment:

A. Probe and Nozzle - may be 
maintained at a temperature 
no greater than 250°F (or the 
stack gas temperature) pro
vided no condensed water is 
present.

B. Filter - the location and tem
perature of the filter can be 
critical, depending upon the 
composition of the stack gas 
and the definition of particu
late matter to be collected and 
included. When tests are con
ducted for Federal NSPS re
quirements, the location and 
temperature of the filter shall 
be consistent with the Federal 
regulations. Several possibili
ties exist:

(1) If SO3 (which complete
ly converts to sulfuric 
acid on cooling) is ab-
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sent in the gases, and
502 is absent or below 
25 ppm, any convenient 
location (in or out of 
stack) may be used for 
the filter. The filter tem
perature must be main
tained above the water 
dewpoint of the sampled 
gases, but no higher than 
the stack gas tempera
ture.
lfS03 and/or SO2 are 
present and it is desired 
not to include SO3 (as 
sulfuric acid) in the re
ported particulate mat
ter, the filter must be 
maintained at a tempera
ture high enough to pre
vent collection of par
ticulate sulfuric acid on 
the filter. In most cases, 
temperatures of 
300-350°F are sufficient 
for concentrations of
503 not expected to ex
ceed 50-100 ppm.
When sulfuric acid is to 
be included in the re
ported particulate mat
ter, the filter tempera
ture should be main
tained at a level not 
above 200°F; higher 
temperatures will result 
in loss of H2SO4 (This 
would require a second
ary filter in cases where 
it is desired to use an 
in-stack filter for samp
ling stack gases over
2250F).

C. Impingers - three impingers are 
connected in series with glass, 
teflon or chemically resistant 
tubing. The impingers are of 
the standard Greenburg-Smith 
design. For high dust loadings, 
the first impinger may be 
modified by replacing the im
pinger tip with a straight sec
tion which extends to 'A" 
from the bottom of the flask. 
The first and second impingers 
are each filled with 100 ml of 
distilled or deionized water. 
The third impinger is dry with 
a suitable thermometer 
mounted on the stem to read 
impinger gas temperature. 
Crushed or chipped ice is 
placed around the impingers 
to maintain a temperature of 
less than 70°F in the third 
impinger during the test. A 
fourth impinger filled with sili
ca gel (optional) may be used 
to measure residual moisture 
and to maintain dry condi
tions at the meter and orifice. 
Note: When using silica gel, 

the vacuum must not exceed 
10 in. Hg to prevent moisture 
loss from gel and possible 
damage to the gas meter when 
located upstream of the 
pump).

D. Metering System and Pump - 
an air-tight pump, dry gas me
ter,* calibrated orifice, and 
associated valves, gauges and 
interconnecting tubing are 
used as shown in Figure 4.2.

E. Pitot Tube and Thermocouple 
■ a Type-S or equivalent pitot

'"Dry gas meter" means a calibrated dry gas meter ynith t2% 
accuracy when compared to a wet test meter or a primary standard.

KVB71 66500-2052
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tube and calibrated thermo
couple potentiometer system 
may be attached to the samp
ling probe for continuous 
monitoring of stack gas veloci
ty and temperature at each 
sampling point, when mul
ti-point sampling is being con- 
ducted. The pitot 
t u b e-probe-thermocouple 
system must be calibrated for 
pitot tube coefficient prior to 
use.

4.3.3 Wet Impingement - equipment is arranged 
as shown in Figure 4.3. The probe and 
impingers are the same as described above 
in Method 2. The pump and meter portion 
of the system can be arranged either as 
shown in Figure 4.2 or 4.3. (The Figure 4.3 
setup must be used if the pump is not of 
the leakless type). When using this setup, 
calibrate the dry gas meter at a series of 
vacuums and meter rates.
The pitot tube - thermocouple combina
tion can resemble Method 2; however, for 
single-point sampling (frequently the case) 
a conveniently-fixed location (reference 
point) is used for monitoring the stack gas 
velocity and temperature. The relationship 
of the reference point gas velocity to 
average gas velocity is established during 
the velocity traverse described under 
4.4.1.

4.4 SAMPLING PROCEDURES 
(METHODS 1,2 and 3)

4.4.1 VELOCITY TRAVERSE AND 
SAMPLING POINTS

Measure stack diameter and deter
mine minimum number of traverse 
points as described in EPA Method

. 1.* Mark pitot tube and measure
stack gas velocity and temperature 
as described in EPA Method 2.* 
After the traverse is completed, the 
source test supervisor will determine 
whether multiple-point sampling is 
necessary or whether sampling at an 
average point(s) will suffice. Appen
dix I outlines average point(s) samp
ling criteria.
Select suitable nozzle size for iso
kinetic sampling, as shown in Table 
4.1. Table 4.2 is used in order to 
apply pressure corrections when the 
meter is ahead of the pump, as in 
Fig. 4.3.

4.4.2 SAMPLING

(a) Leak check: each sampling train 
shall be checked for leaks before and 
after use. This can be done either by 
EPA procedures, or by sealing the 
end of the sampling probe (before 
insertion into the stack) and drawing 
a vacuum of 8" Hg on the train. On 
closing the pump outlet (or pump 
inlet of Fig. 4.3), no loss in vacuum 
should be noticeable within 15 
seconds.

(b) Multiple-point sampling: prior to 
sampling, remove protective caps, 
and connect components of samp
ling train. Position the nozzle at the 
first traverse point with the tip 
pointing directly into the gas stream. 
Start the pump and adjust the flow 
to isokinetic conditions. Sample at 
each traverse point; sampling time 
must be the same for all points. 
Maintain isokinetic sampling 
throughout the entire test period. 
Record all required data on a sample

'Refer to Federal Register, Vo/. 36, No. 247, Pages 24382 24885 
(December 23 197 U.
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V,

FIGURE 4.1

■

_______________ ® ; .'y (i) v:
TO impinger (See Fig. 4.2)

NOTES: (1) Probe and nozzle material of construction may be;
(a) Glass - Maximum 1000°F
(b) Stainless Steel ■ maximum. 1400®F (some alloys higher)
(c) Quartz - for higher temperatrues
(d) Water-cooled stainless steel

(2) Filter media may be:
glass, quartz, or similar fiber in suitable holder maintained at a temperature not ex
ceeding 200°F. Filter material should be chemically neutral.

(3) Filter may be located in stack; however, see Section 4.3.2 B. in procedure for limi
tations.

FIGURE 4.2

1. Sampling Probe from Filter; See Fig. 4.1 6. Main Valve
2. Impinger*
3. Ice Bath Container
4. Thermometer
5. Vacuum Gage

7. Control Valve
8. Vacuum Pump (Air Tight)
9. Dry Gas Meter

10. Orifice and Diff. Press. Gage (Magnehelic)

'Impinger Solution - Deionized or distilled Mater.
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FIGURE 4.3

Test No.. Page.

Date.

WET IMPINGEMENT SAMPLING TRAIN 
FOR PARTICULATES

s

y
h'nns( (i>

i 1 1 1

1.
2.
3.
4.
5.
6.
7.
8. 
9.

100 ML 100 ML Dry

Sampling Probe (See Figure 4.1)
Impinger (Dust Concentration Sampler)
Ice Bath Container
Dry Filter Whatman, Millipore, or equivalent 
Thermometer
Vacuum Gage (0-10 in. Hg)
Dry Gas Meter (temperature-compensated)* 
Vacuum Pump
Valve to Control Gas Flow Rate

Impinger solution: Deionized or distilled water.

©

'If not temperature-cowpensated. a thermometer «s necessary 
to read metered gas temperature.

KVB71 66500-2052



APPENDIX C

FUEL ANALYSES AND CALCULATIONS
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HP-67 KEYED CALCULATION SHEET

Test Mo., 
Unit No.

GASEOUS FUEL ANALYSIS
Date /Vn.' 'S Location I ' -
Fuel K'.-if

Fuel Sample Point f
Fuel Sasqple No.
Fuel Analysis by

% Volume
CH4
C2H6
C3H8
C4H10
C5H12
C2H4
C3H6
C4H8
C5H10
C2H2

C6H6
O2
N2
CO2
CO

.

Me theme
Ethane
Propane
Butane
Penteme
Ethylene
Propylene
Butylene
Pentylene
Acetylene

Benzene 
Oxygen 
Nitrogen 
Carb. Diox. 
Carb. Monox. 
Hydrogen

ISTOH 
[STOH 
[STO] ( 
[STO][ 
[STOlt 
ISTO][ 
[STO][ 
[STOH 
ISTO]I 8 ] 
[STO][ 9 ] 
I f ] [P<S] 
[STO]I 0 ] 
[STO][ 
ISTO] I 
ISTO] I 
ISTO]I 
ISTO] I
I f ]IP^S]

Load "Gaseous Fuel Analysis I*

I A ] Z % Volume “ '
CF Air

I B ] 

I C 1

CF Fuel
BtU (HHV) 

CF Fuel
CF CO-,
CF Fuel

Load *%aseous Fuel Analysis II" 

CF HoOI D ] 

I E ]

( A ]

CF Fuel
CF Prod 
CF Fuel
lb Prod 
CF Fuel

I B ] 

IR/S]

Load "Gaseous 
SCF Air
10? BtU 

WSCF Prod
10® BtU 

[R/S] % Moisture 

DSCF ProdIR/S] iPBtu

IR/S] % COjf dry

IR/S] K 

IR/S] K*

IR/S] K 

[R/S] K*

IR/S] K 

IR/S] K*

IR/S] K 

IR/S] K*

Fuel Analysis III" 
at 70 *F,
29.92 in. Hg

O.- r

NO

lb/10 BtU - (ppm at 3% 02>/K 

ng/J - (ppm at 3% 0^)/K'

Data Sheet 6015-6 (Rev. 3) 
8/10/78
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GAS FLOW RATE CALCULATION 
RUSTON TURBINES/ARCO ALASKA

5/19/83

Gas Rate Calculator, Use Key 1 to Activate, Key 2 for a Hard Copy

Meter I.D. (inches), required 

Orifice Size (inches), required
Taps Location - U=Upstream D=Downstream, required

Temperature (®F), required
Differential Pressure ("H2O), required

Static Pressure (psig), required
Gas Gravity

Gas Viscosity (CP)
Ratio of Specific Heat
Gas Rate at Base Conditions (MSCFD)
C - Orifice Flow Constant 
Basic Orifice Factor 

Reynolds Number Factor 

Expansion Factor 

Pressure Base Factor 

Temperature Base Factor 

Flowing Temperature Factor 

Specific Gravity Factor 

Super Compressibility Factor 

Gauge Location Factor

2.067 

1.125 

D 

78
55.000

152
0.70000
0.01600
1.300

716.7
326.6
271.7 

1.00096 

1.00211 

1.00546 

1.00000 

0.98313 

1.19523 

1.01435 

1.00000
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GAS FLOW RATE CALCULATION 
RUSTON TORBINES/ARCO ALASKA

5/20/83

Gas Rate Calculator, Use Key 1 to Activate, Key 2 for a Hard Copy

Meter I.D. (inches), required 

Orifice Size (inches), required
Taps Location - U=Upstream D=Downstream, required

Temperature (®F), required
Differential Pressure ("H2O), required
Static Pressure (psig), reqiiired
Gas Gravity

Gas Viscosity (CP)
Ratio of Specific Heat
Gas Rate at Base Conditions (MSCFD)
C - Orifice Flow Constant 
Basic Orifice Factor 

Reynolds Number Factor 

Expansion Factor 

Pressure Base Factor 

Temperature Base Factor 

Flowing Temperature Factor 

Specific Gravity Factor 

Super Compressibility Factor 

Gauge Location Factor

2.067
1.125

D

78

55.000

152

0.70000 

0.01600 

1.300 

712.1 

324.5 

271 .7 

1.00096 

0.99557 

1.00546 

1.00000 

0.98313 

1.19523 

1.01435 

1.00000
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APPENDIX D

CORRECTION FACTOR ANALYSIS 
GAS TURBINE WORK
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CORRECTION FACTOR ANALYSIS 
GAS TURBINE WORK

C.l. GENERAL CONSIDERATIONS

A common practice in evaluating gaseous pollutcuit data is to "correct" 

the raw data analyzed in the stack or exhaust to some standardized level of 
excess air or oxygen (O^) • Typically this standard excess air or oxygen level 
is specific to the type of equipment, and may even be vrritten into emission 

regulations (i.e., for utility boilers in Southern California, NOx would be 

expressed'. NOx, as NO^, ppm at 3% oxygen). After 1982, new gas turbines 

will be NOx limited to either 75 or 150 ppm at 15% oxygen depending on loca

tion zmd iinit size by the EPA.

This excess air correction technique is used to allow direct compari
son of pollutant emissions from different engines, fuels, loads, etc. on a 
lb/10® Btu basis or a lb/1000 lb of fuel basis. This conparison is easily 

done if a standard excess oxygen level is used in conjunction with knowledge 

of the fuel analysis and the measured concentration of the pollutant in ppm.
If the fuel flow is also known, then the mass emission rate (Ib/hr) can also 

be eeisily calculated and conpared on a common basis.

In order for these comparisons to be valid, accurate meas\irements of 
the "correcting" peirameter are crucial. For any given fuel burned in the pre
sence of air, basic chemistry allows the determination of a characteristic
O vs. CO curve specific to that fuel. Thus, if one of the two measurements 

2 2(O^ or COj) is more accurate, then that parameter would be more appropriate 

for determining the excess air correction factor.

This appendix will put into perspective the errors associated with 

different methods of determining the correcting factor used to provide data 

calculated at a stemdard percent excess air or excess oxygen.
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c C.2 INSTRUMENTATION RANGES

Typically, gas turbines such as those used at Ellwood with liquid
fuels will operate over a range of 1% excess oxygen (i.e., 17 to 18% in
exhaust gases) from base load to half load. For these same conditions, the
C2u:bon dioxide (CO^) levels will vary from 3% to 2%.

These operating remges determine what scales are to be used in the
and CO^ instrumentation For oxygen, the usual r£inge is 0-25% O^ with air

(at 20.95% O^) being used as the calibration standard. For Ccurbon dioxide.
the required range would be 0-5% with a certified CO^ calibration gas at about
4.0% CO,

With this information, the relative accuracy of reading the correct
O or CO can be evaluated. With a chemge of 1.0% oxygen in going from low
load to base load, the instrument will change only 1.0% 0^/25% 0^> which
corresponds to only four divisions on the 100-division cheurt.

The CO^ also typically chamges 1.0% in going from low load to base
load. However, the instrument will show a chwge of 1.0% C02/5.0% CO^, which
corresponds to 20 divisions on the 100-division chart.

A conpairison of these two results indicates that for gas turbines the
CO^ is 20/4 » 5 times more acciirate tham for any given load on the turbine.
This accuracy is clearly seen in Figure C-1 where, over the course of the pro
gram, the CO^ levels vs. load (MW) are consistent and highly repeatable. Using
these load vs. CO^ curves emd the fuel-specific CO^ vs. cxirves, any given
data at a load can be much more accurately corrected using the CO^ values
corresponding to the standard percent excess 2d.r or percent excess oxygen.

C.3 UNCERTAINTY ANALYSIS

As mentioned previously, there 2u:e two methods of correcting data to 

a standard excess air percentage: either by the measured excess oxygen found
in the exhaust gases at the saspling point, or by using the measured carbon
dioxide (CO^) in the exhaust gases. This section presents an analytical treat
ment of which technique is more appropriate for gas t\xrbine exhaust gases, 
using an uncertainty analysis.

KVB71 66500-2052
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Figvire C-1. CO^ vs. load.

Symbol Hours

Jet A
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There eure two methods of correcting NOx (measured) to NOx (corrected)
at 15% O^:

where

Method 1

Method 2

subscript m 

subscript c

NO - NO c m

NO

21 - 15 
21 - O^

(% CO^ at 15% O^) 
% CO_

measured value 

corrected value
21 “ percent oxygen in ed.r

If the uncertainties in NO , % 0_, and % CO_ are )cnown, the problem
m2 2

is to decide which correction factor provides the more accurate correction.

Differentiation and reeurrangement of Equation 1 yields the resultant 
uncertainty in the correction using excess oxygen.

The resultant percent uncertainty in NO as a function of percent xmcer-
c

tainties in NO , % 0_ measured, emd the value taJcen for O in air (nominally 
m2 2

21%) is derived to be:
,2

21 (15-O^)
(21-15)(21-02)j

The effect of NO on NO is direct. That is, a 1% error in NO results 
me m

in a 1% error in NO .
c

The effect of the exact value taken for 21, percent oxygen in air, 

is small. Values between 20.9 and 21 are used in veirious references. At KVB, 
21 is used most frequently. The Hemdbook of Chemistry emd Physics gives 

20.946 ± 0.002. A value of 20.95 appears most appropriate for all corrections.

The effect of error in percent O^ is a strong function of the level of 
O^. Figxire C-2 shows the asq>lification factor, 0^/(2! ~ O^) as a function of

percent O. At em ©2 of 10.5% or below, the percent error in NO^ is less than
the percent error in O. For O- over 10.5%, the error in NO is sharply 

2 C
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EXCESS O^, % DRY

Figure C-2. Uncertainty in corrected NOx.
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increased as increases. At 17% O^, typical of gas turbine exhaust, the per
cent error in NO is over four times the percent error in O . For example, a 

c 2
5% error in percent (17 ± 0.85% O^) will result in a 21.5% error in NO^. If

(1)‘ + (4.3)‘ (5)

21.5.

reliable gas turbine data reduction.

The uncertainty analysis for correction by Method 2, using CO , results

a 1% error in C0_ resultsIn contrast to O

Method 1 should be used vihen O^ is less than 10.5% and Method 2 should be used 

when O^ is greater than 10.5%. At a nominal 17% O^ Method 2 should be used if 

the percent error in COj is less than 4.3 times the percent error in 02*

Application of the formulas presented requires estimates of the 

uncertainty in the following independent variables:

measured CO.

fuel hydrogen, % weight

fuel oxygen, % weight
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, INTERFERENCE .RESPONSE TEST .. .

r - REct^ 

.HOV 1.01981

/
DATE OF TEST -January 18/ 1980_____

ANALYZER TYPE lOAR (Range 0“2.5PPM) .SERIAL NO, lOAR-0 14B-80

TEST GAS TYPE

CO.,

Oo

Thermo
:lectron

ATIOM

Sal Pardo
Flald Service MeniBer 
Western Region

M£'r/ho Zo

nmental Instruments Division

votiem Street
ego. California 92111
•.60-4145

CONCENTRATION PPM

500

201

10%

20.9%

ANALYZER 
OUTPUT RESPONSE

< .IPPM

< .IPPM

< .IPPM

< .IPPM

% OF SPAN

< .1%

< .1%

<.1%

< .1%
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( ^ INSTRUCTIONS I

C

X-5840.5841
February, 1978 

Revision C

BROOrS INSTRUMENT DIVISION 
EMERSON ELECTRIC CO. 
HATFIELD. PENNSYLVANIA 19440

EMIiRSQN®

Sm ^fl'Z-H- 3 C3i-0

INSTALLATION AND OPERATING INSTRUCTIONS *^L ' "4*"
Dual Channel Mass Flow Controller 

Model 5840, 5841
Col. *• 2 -

Mod«l 5841 Model 5840

CAUTION
It is recommended that this publication be read in its en
tirety before performing any operation. Failure to un
derstand and follow these instructions could result in 
serious personal injury and/or damage to the equipment. 4 H»Tci

KVB71 66500-2052



c

Section 1 INTRODUCTION 

1-1 General Description

Brooks Models 5840 and 5841 Mass Flow Controllers 
provide precise measurement and automatic control of 
carrier gases, thus eliminating the need for continuous 
monitoring and readjustment to maintain a stable gas flow.

Model 5840 is designed for measurement and control of 
carrier gases in the dual column gas chromatograph and 
has one gas inlet and two individually controlled gas 
outlets. Model 5841 has two gas inlets and two individ
ually controlled gas outlets and is designed for gas 
blending and proportioning.

The flow rate for each gas outlet stream is set with a 
precision potentiometer and maintained at flow setting 
independent of changes in upstream or downstream pres
sure conditions, with a closed loop control system. The 
mass flow rate is displayed on a digital rate indicator.

The flow measurement and control module consists of 
two Brooks Thermal Mass Flow Sensors and control 
valves mounted on a common block, dual channel com
parison amplifier,power supplies, set-point potentiometers, 
digital display, and pressure gauge (5840 only) ail 
mounted in a compact enclosure.

1-2 Spscifications

CAUTION: Do not operate this instrument in excess of 
the below specified values.

a. Standard Ranges - Model 5840: Argon, Helium, 
Hydrogen, and Nitrogen.
0- 50 seem, 0-100 seem, 0 - 200 seem, 0 • 500 seem 
Other ranges available upon request: Minimum full 
scale flow rate 0 to 10 seem, maximum full scale 
flow rate 0 to 5000 seem.

^^b^tandard Ranges — Model 5841: Each Channel 
'^•^O - 10 seem, 0 - 20 seem, 0 - 50 seem, 0 -100 seem,

0 - 200 seem, 0 - 500 seem, 0 -1000 seem, 0 - 2(XX) 
seem, 0 - 5000 seem

c. Power Requirements: 100 vac 50/400 Hz, 115 vac 
50/400 Hz, 230 vac 50/400 Hz

d. Maximum Safe Working Pressure: 150 psi
e. Pressure Differential: 5 to 50 psi
f. Temperature Range: 40°F to 150®F (gas and elec

trical environmental)
g. Gas Connections: 1/8" or 1/4" Swagelok
h. Set-Point Repeatability: ±0.15%
i. Accuracy: ±1.0% full scale including linearity (max. 

temperature variation: ±10<>F.)
j. Time Constant: 2 seconds
k. Flow Rate Display: 3-1/2 Digit LED

:. Pressure Gauge: 0 to 100 psi (5840 only)
m. Oimensic ts: Refer to Figure 2-1. 54

Section 2 INSTALLATION 

2-1 Receipt of Equipment

When the equipment is received the outeide packing case 
should be checked for any damage incurred during ship
ment. If the packing case is damaged, the local carrier 
should be notified at once regarding his liability. A report 
should be submitted ot the Product Service Department, 
Brooks Instrument Division, Emerson Electric Co., 
Hatfield, Pennsylvania 19440.
Remove the envelope containing the shipping list Care
fully remove the equipment from the packing case. Make 
sure spare or replacement parts are not discarded with the 
packing material. Inspect for damaged or missing parts.

2-2 Return Shipment
Do not return any assembly or part without a return 
material report. The return material report is available 
from all District Sales Offices and the Product Service 
Department, Hatfield, Pennsylvania. Information describ
ing the problem, corrective action, if any, and the work 
to be accomplished at the factory must be included.

2-3 Service information
Should this equipment require repair or adjustment, 
contact the nearest Brooks District Sales Office.
It is important that servicing be performed only by 
trained and qualified service personnel. If this equip
ment is not properly serviced, serious personal injury 
and/or damage to the equipment could result.

Plow connoctlon 
In rMr of eata ,

KVB71 66500-2052
Figure 2-1 Dimensions, Models 5840. 5841



Note;
For external voltage command, remove 
lumpers between pint B and O, and pins 
10 and L. Apply 0-5 vdc command signal 
to pint B (-f land 6,and pins 10 (-f land 6 .

Wiring for 3-1/2 - Digit 
Digital Readout

•PI tv_

lnii I iUi
S ^ * 4 9III

:

^•4 m-t'tlD>l*SOVAC

i____ ^

lUiusai&i:
Jl-l TO JI'A 
Tt-t toTon>i» 
Il’T TOfl'M

rt-jKW Iwiring for 3-Digin. 
iMoe-jt R«»«lout

5 ’t t 5

le itA/ni s/AC ili! Wtee Tl TO T»1 A* SHPWM.
JI2 : BCLeTa cauHccTiaHs tmmt to tm-a 

«■ TI-aui/WMT TO TPI-S. 
TOT«*t**^'°*^* TI-WMT g'Tl-euCA

2. MCTOP.V ro VC.LCCT oai COMMCCTlWIS PER.............................•Owsa I*pvr new«»>Tio>«. pcxia*. mu>-«er
a (MTaCMAt. TblrWA* SOS C-S | ;

lee-iicwc nwuT; jun««ET.'TO'A' ya'TO'LE' 
ue ijoutc lAfUT: jorMVia a- to •»:
■is-taavAcMTur: jiAiPcR -ret to-ii»v«- 

. lae vA< ’MtvT; njfvww, •eet- to *»«wa'

Figure 2-2 Internal Wiring, Models 5840, 5841

f

(

2- 4 Installation
The Dual Channel Controller should be located in a 
clean dry atmosphere which is relatively free of shock 
and vibration. The instrument must be level within 
±2° and is supplied with leveling feet at the front corners 
of the instrument, and a spirit level at the top of the 
enclosure. When properly leveled, the digital display will 
indicate zero or slightly positive at no flow.
All gas connections to the controller are either 1/8" or 
1/4" Swagelok.

Section 3 OPERATION

3- 1 Operating Procedure
CAUTION: Do not operate this instrument in excess of 
specifications listed in Section 1-2. Before placing the 
unit into operation, make sure all gas connections are 
tight and all electrical connections have been completed. 
Ensure that the instrument is level within ±2**.
To place the instrument into operation, proceed as follows:

a. Apply power to the instrument.
b. Allow the instrument to warm up for approximately 

10 minutes.

O-S VOLTS

GAS OUTSrMSOKCOILS

Figure 3-1 Flow Sensor Operational Diagram

c. Slowly introduce gas flow into the system.
d. Set the appropriate controls to bring the instrument 

to the desired operating level.
e. Switch the toggle switch on the front panel to de

sired channel to be monitored on readout.
f. Actual flow rate is displayed on digital readout.

KVB71 66500-2052
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3-2' Theory of Operation, Flow Sensor 
(Refer to Figure 3-1)

When line voltage is applied to the power supply, the ac 
line voltage is stepped down, rectified, filtered and reg
ulated to provide a plus (+) 15 volt dc and minus (—) 
15 volt dc output to the flow sensor.
A constant current amplifier powers a heater coil that 
uniformally heats the gas flow stream. As a result, both 
the upstream and downstream sensor coils are heated by 
the gas flow stream.
At zera or no flow, a balanced bridge circuit is established 
to provide a zero or no flow output signal. As gas flows 
within the sensor, a temperature differential is created be
tween the upstream and downstream sensor coils. This 
difference is directly proportional to the mass flow rate.
The resulting differential is applied to the input of the dif
ferential amplifier. The amplifier generates a 0-5 volt dc 
output that is directly proportional to the mass flow rate.

3-3 Theory of Operation, Flow Control System 
(Refer to Figures 3-2 and 5-1 thru 5-8)

The Dual Channel Mass Flow Controller contains three 
integral power supplies. The supply for the digital readout 
consists of a power transformer T1, a full wave bridge 
rectifier CR1, CR2, CR3 and CR4, ripple filter capacitors 
Cl and C2, and regulator VR1 which supplies a regulated 
+ 5 vdc output. Refer to Figures 5-1 and 5-2.
A separate plug in P.C. board contains a ±15 vdc supply for 
powering the flow sensors, dual amplifier and dual com
parison amplifier, and a -*-12 vdc supply for powering the 
flow control valves. Refer to Figures 5-3 and 5-4. The 
115 vdc supply utilizes power transformer T1, full wave 
bridge rectifier CR1, CR2, CR3 and CR4, ripple filter 
capacitors Cl, C2, C3 and C4, zener diode regulators CR9 
and CR10, and series transistors Q1 and Q2. The emitters 
of Q1 and 02 provide a regulated 115 volt dc output. The 
-*-12 volt supply utilizes transformer T1, a full wave bridge 
rectifier CR5, CR6, CR7 and CR8, ripple filter capacitor 
C5, and regulator U1 which provides a regulated -*-12 vdc 
output.
The command (set point) potentiometer is a precision 10 
turn, 1 k ohm potentiometer with an integral turns count
ing dial permitting accurate and repeatable adjustments of

the mass flow rate to 1 part in 1000. Refer to Figure 5-8. 
Constant current from the command potentiometer source 
current section (CR3, Q4, and U2 pins 1, 2,4, 8,12,13) 
is fed through the command potentiometer to circuit com
mon. When a value is selected on the command pot, the 
voltage developed across it is applied to the non-inverting 
terminal 6 of the comparison operational amplifier U2 
pins 4,5k 6,7, 8 9, IGt 13). The comparison op-amp turns on 
driver transistor Q6 which drives the base of the solenoid 
control valve current control transistor Q5. Current flow
ing through the solenoid valve causes the valve to open al
lowing greater flow through the flow sensor. The voltage 
developed by the transducer is applied to the inverting 
terminal 7 of the comparison amplifier and comes out re
versed polarity which throttles back on the drive transistor 
06 until equalibrium is established. Adjustment R16 is 
set to produce 5.0 volts across the command pot when set 
to its maximum value, and R21 is adjusted to produce a 
zero output when the command pot is set at zero.

Section 4 MAINTENANCE 
4-1 General
No routine maintenance is required to be performed on 
the mass flow controller other than an occasional cleaning. 
If cleaning becomes necessary, the flow sensor and final 
control valve may be cleaned with Freon; flush in both 
directions and air dry thoroughly. The in-line filtering 
element should periodically be replaced or ultrasonically 
cleaned. The 2 micron element is accessible by removing 
the inlet fitting and spring.

4-2 Flow Sensor
The user should not attempt to disassemble or repair the 
flow sensor module. Should the flow sensor become in
operative, consult the factory.

4-3 Final Control Valve
The final control valve may be disassembled in the field by 
the user for cleaning or servicing. Parts should be cleaned 
with Freon or may be ultrasonically cleaned. Disassemble 
the valve as follows:

1. Remove the hex nut on top of valve assembly.

i—joor roc cuu
FLOW

COMMAND SI&NM.
joos-mcu%fs)

M KJW NldMIl

Figure 3-2 Flow Control System Block Diagram Figure 4-1 Command Pot/Comparison Amp. Alignment 
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2. Carefully removt the covar/coil aBemblv.
3. Ramovt tha hax rataining ring and carafully ramova 

tfta valva stam astambly from tha valva b«a.
4. Ramova tha plungar aitambiy.
5. Ramova tha orlfica.

Claan pam and carafully raawambla in ravarta of tha 
above procedure. It it racommandad all O^ngi be 
raplacod upon roanambly of tha valva.

44 Controllgr Adjustments
Each control tyttam mtst have final adjuttmantt made to 
oompaniata f^ ratittaitca tolorancat in the command 
potantiomatar and comparison amplifiar. Theta adjurt* 
mants ara parfbrmad t^ tha'fectory during attambly. 
howavar. if aithar tha command pot or tha comparison 
amplifiar .it raplacad in tha fiaid. than adjuttmantt mutt 
ba .parformad by. tha unr or an authorizad aarvica rap- 
ratantativa^ ^oc^ as followt:

Irytrodiica fion intb^^ t^^^ and tat command
pot to full flow.

b. Using a digital voitinatar. monitor tha command 
tignai at thar commar^ pot-.plus and minus loads 
and monitor ma fiow'nj^lit'tha gram "and white 
(column 1) or tha fad and white (column 2) leads. 

. c., Refer. tauRguras >7 and S^^-Adiust potentiometer 
f^^;i,-iR3Jcoluini>.]^l)or ,R16 (column 2) for a commartd 

.^.'tigrtal o( apprordmMiy SyOOO ydc and note the milli- 
,^:'.;,.!im(t.diff«’anoavbetMweri the comiiiand arid flow

d. Sat command pot to 10% flow and adjust potentio
meter R8 (column ti or R21 (column 2) to obtain 
a minimum differar>ce between the commattd signal 
artd tha flow tignai.

a. Alumataly check and adjust tha 10% and 100% 
points until tha best straight line can be achieved be- 

' twaan the commartd artd flow sigrtals. Refer to 
' /Figurt 4i:-'‘

4-5 Changing Gas Type and Capacity
Should it bacoma necessary to change tha capacity, or type 
of gas being matarad, tha flow tensor must bo modified 
and recalibrated. Consult tha factory.

4-6 Calibration Adjustments
It it racommandad tha calibration be performed only by 
an authorizad Brooks Service Representative. However, 
these adjustments may be performed by tha user if accurate 
calibration fadlitiat ara available. Proceed as followt:

a. Instrument must be level within
b. Remove front panal/chassit assembly from cate. Tha 

dual arhpUflaf board is located inside the small 
metal cover next to control valves. Cut-outs ara pro- 
vklad to gain access to tha adjustments without re
moving tha cover. On earlier models without cut
outs, tha dual amplifiar cover mutt be removed to 
perform tha adjustmants. Refer to Figure 54 for 
location of adjustment components.

c. Apply line power and allow approximately 10
\ rninutes wa^^

’; ■ i.

d. Sat chanrtal talactor twitch to channel to be 
calibrated.

a. With a no-flow condition, adjust the applicable 
ZERO potantiomatar for a zero output indication 
on tha digital readout.

f. Introduce gat flow into the system and adjust flow 
for approximate maximum flow rata for which mass 
flow controilar was originally calibratad.

g. Perform a timed calibration run and collact in suit
able calibration aquipntant.

h. While observing digital readout adjust Span pot to 
obtain corresponding maximum flow rata. (Output 
of Dual Ampliflar at maximum foil span it 5.000 vdcj

L Reduce flow to 50% and correct flow varsat tignai 
error with tha linearity pot.

J. Perform above procedure on other channel if 
nacessary.

Swrtion 5 TROUBLESHOOTING

6-1 GwMral
A trouUeshooting table is provided ai .an aid in basic 
troubleshooting 'to .;datarmina. if major components ara 
defective. To.forthar isolata problam areas, voltage checks 
ara shown inT Figures 5-1. 54, and 5-8. If the unit is 
found to be dafactive refer to Sactiim 6 Parts List for a 
list of availabla raplacamant parts which ^ ba rapla^ 
in tha field, or. contact tha naWast Brooks District Salas 
Office. 'I

SMrtkMie PARTS LIST

6-1 Recommended Spare and Replacement Parts
The following racommarxlad spare and raplacamant parts 
ara availabla arxl may ba raplacad in tha field by tha user. 
Whan ordering pans please specify: Brooks Serial Number, 
complata modal number, part description, part number 
and quantity.

Dual Amplifier P. C, Assembly 
Pert Number S497-Z-543

Dual Channel Comparison Amplifiar P. C. Assembly 
Part Number S097-Z-S49-AA-A

Power Supply P. C. Assembly. ±15 volt and -f12 volt 
Part Number S497-Z-551-AA-A

Power Supply P. C. Assembly, 5 volt 
Part Number S497-Z-580-AA-A

Power Transformer
Part Number W-911-B-032-AA-A

Digital Readout Module. 3-1/2 Digit (3-Oigit discont'd) 
Part Number W-544-Z-073

Command Potantiomatar
Part Number W-635-D-010-GJE

Pressure Gauge 1(X) psi (5840)
Part Number F-369-Z-058-AA-A

Toggle Switch SPDT
Part Number W-8S9-D-006-LZ-E

Filter Elarnem
Part Number A-306-Z-034-BV-A

-15:7871 66500-2052
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V- *. «• ,v-*- ■ ■»«*> * .*• yi'itC‘V^3^

. NMn im. (Powtr ON Ind.) 125 vac .
Pm Numbw W-606<f^X)e^-Z

Gaiktt Dual Thannal Sancor Covar (6840)
Pvt Numbtr A-375-E*076^U-A

Gaskat, Valva Block-to-Samor Block (5B40)
Pvt Numbar A-375-E-074-SU-A

0-Ringi^ Flow Control Valva 9/16 ID x 11/16 OD x 1/16 W 
Pvt Numbar F-3754-015-SU-A

0-Ring, Flow Control Valva Orifica^to-Block 
Pan Numbv F-375-B-146-SU-A

0-Ring, Gas Connaction Adaptv-to-Block 7/32 ID x 11/32 
00 X 1/16 W
Part Numbv F-376-B4)09-SU-A

0-Ring, S/32 ID x 9/32 00 x 1/16 W. (Located behind 
6ltv alamant)
Part Numbv F-37S-B-007-SU-A

C— OCMOTtt TU«MKT T—I >IU*.W O— OC*>tOTKS W«l MJMBKB OM TI

7809

lOOV

MOTC.Z CO*AW«M

M07KS :
I. aoR toO'iivvAC aoMVR mpijt; 

juMPcmxto'* f'0 TO'u«. 
FOB 2 90 VAC ■OWCR iMPwiT: 
JUMFU •A'TO'*'

a.roe ns-taovAC rovvce 
JOMPtX -etT' 70*U»VAC.' 

roe 100 VAC pov»«r i**roTt 
JUM>BR -eCT.- TO "too VAC'.

a. ALb olooaa axi mvaoo* .

Figure S-1 t6 Volt 0. C. Powv Supply Schematic Oiagram

Troubitshooting (2hart

PROBLEM POSSIBLE CAUSE CHECK/REMEDY J

No Output Indication , No pciwv-in Check for 115 vac 10 transformer

Faulty Indicator Check for output from.aaniormodula.... .......

- Obstruction in aantor Flush sensor both diitrtm with non- .

Dogged Filtv Ultrasonically dean or replace filtv element. ;

Indicator will not zaro Sensor not level Check level. Must be within ±2^. >

Gat leak Check downstream gv connactiont.

Out of Calibration Sensor not level
... .... ... . -Check level. Mutt be within ± 2*^.

Gvlaak Check all gat connections.
Dirty Senior Flush with non-retiduout solvent.

Air dry thoroughly.

Change in composition 
of metered gas

Consult factory. Unit must be calibrated 
on type of gat metered.

Shift in electronics DO NOT ATTEMPT TO CALIBRATE UNIT. 
SERVICE OR DISASSEMBLE SENSOR.
Consult Factory.

KVB71 66500-2052
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iFigurt 5-2 +5 Volt D. C. Powtf Supply P. C. Atstfnbly Figure 5-3 *^2 Volt. ±15 Volt D. C. Powtr Supply 
P. C. Assembly

j a
«

I

^Ay c-T

^res:
uf/cess s^e£t^*ee:

*. dtesfsr/f^ce/A' o*^s **5"% CJtasa^ r/OAf.
I

Figure 64 +12 Vdt *15 Volt D C. Povrer Supply Schematic Diegrem KVB71 66500-2052
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FigunS^ Dual Comparijon Amplifier Schematic Diagram

8

Guarantee

Brooks Instrument Division tiiall not In any event be liable for any conseqi^tial damages, secondary charges, expenses 
for erection or disconnecting or losses resulting from any alleged defea in the apparatus.

It is understood that corrosion or erosion of materialt Is not covered by our guarantee.

■ : - - KVB71 66500-2052
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'r
MASS FLOWMETER TEST DATA

CUSTOMER

■ ■ • • -iv-v '

g.

■ i •.;>

SERIAL NO. en^ 14 C^,L** I
MODEL NO. gftW / ^ n m_______

GAS A./a ______________
I RANGE- r*> - \r)<~> Scf-ri 
PRESSURE ..c o^ir.

CALIBRATION NO. r- ;gii I 
CALIBRATOR 

DATE /TTr-L

1. CALIBRATION:

APPROX.
%OF RANGE

SIGNAL OUTPUT ^c.c.r*\ 
ACTUAL FLOW %ERROR

0 /r>o 4 G r~> . G

25 -J <. o 13^/4*73. — .
50
75 “7^=: .rt — -1

100 .yr’vn .G
. 50. . -<r/T>. G 4‘<~r>r\. .3LC, ^ 4oA(^ -V ,

. 0 Gn4 D' • ' G j. ■

. 1,

.-

i FLOW @100%

EMITTER VOLTAGE 
SENSOR VOLTAGE 
VALVE VOLTAGE 
ORIFICE SIZE

VDC

MV
VDC

‘. ■! • ■ 
* ■ . V • ■

■ I
" ' . ’ \ ' • V

. ;- V
•• ■

. e>/«/
'r

■ • »I • > . v'!' I,- .! j' •

. ‘ -,,'r

: !

CALIBRATION NOTES:

Brooks Instrument Division 
Emerson Electric Company 
Hatfield, Pennsylvania 19440 
(215) 362-3500

62 ^ KVB71 66500-2052.



^ MASS FLOWMETER TEST DATA’

•V

oh:-.v .^:;v- :• .
;,v

• • '»■' - -• I

CUSTOMER

': •
'■* . .• Mr

■■y ■:■ ■1. vv;r->••

SERIAL NO. R//3> C^L^Z.
MODEL NO. v5^w f <i I A Jl Ai fyj

GAS_________________________
RANGE _

PRESSURE_
CALIBRATION NO. _

CALIBRATOR _
DATE n Z!^A

I - y/^t^rs ^<cr
£>-e, /fZ,

1. CALIBRATION:

_,r; APPROX.'
OF range

SIGNAL OUTPUT _^c. c-/^ 
ACTUAL FLOW

‘ '! if:.' ,j;i,50 \

./O
_g.<.0

vjgry.o ^r><o. »? / 
7A

yoo.o

M.-Mvj;V FLOW @ 100%CT^ffl v ■■:.
•■'■;'r^.-.. ■

' ' i v . i'V emitter voltage •
■ '■ iM^SENSOR VOLTAGE ^

:; v ; '.. MV VALVE VOLTAGE ’ _
: OFIIFICESIZE

% ERROR
G

-^370
-♦03/

''.-r..-gL53 
— , e>e>Q> 

o

<■

i

VDC

MV
VDC

. O/V

CALIBRATION NOTES:

Brooks Instrument Division 
Emerson Electric Company 
Hatfield, Pennsylvania 19440 
(215) 362-3500

V.-,. '.'■** -:' ••*

A
KVB71 66500-2052



APPENDIX F

EPA PROTCX:OL 1 CALIBRATION GAS CERTIFICATIONS
FIELD CALIBRATION GAS ANALYSIS DATA SHEETS
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r :ott Specialty Gases a division of
Scott Envir ental Technology, Inc.

2600 CAJON BLVD.

KVB
P.O. BOX 19518 
IRVINE. CA. 92714

SAN BERNARDINO. CA 92411 PHONE (714) 887-2571 Date Shipped. 10-14-82

Cylinder Number AAL5954

COMPONENTS

NITRIC OXIDE

NITROGEN BALANCE

CERTIFIED 
CONC ■

87.31 PPM

Ln Cylinder Number.

COMPONENTS
CERTIFIED

CONC

Our Project No:___

Your P.O. No:____

Page ____ of _1

48777
26886

CERTIFICATE OF ANALYSIS - EPA PROTOCOL GASES*
(Concentrations are in mole % or ppm)

Certified Accuracy ^1 % NBS Traceable Analysis Dates: First 3-23-82 Last 10-12-8?

EXPIRATION
DATE

4-12-83

ANALYTICAL
PRINCIPLE

Certified Accuracy. _% NBS Traceable

PRIMARY
STANDARD
NBS/SRM's

SRM 1685R 

&SRM 1683B

REPLICATE 
CONCENTRATIONS 

FIRST SECOND

87.PPM 87.81 PPM

EXPIRATION
DATE

ANALYTICAL
PRINCIPLE

Analysis Dates: First.

PRIMARY
STANDARD
NBS/SRM's

Last.

REPLICATE 
CONCENTRATIONS 

FIRST SECOND

*We hereby certify the cylinder gas has been analyzed according to EPA Protocol No: 1

Analyst ——Approved By

CCT -1 0

tests'*

Tha only liability of thli Company for .a. which fails to comply with this analysis shall ba replacement thereof by the Company without extra cost.

CERTIFIED REFERENCE MATERIALS ■ EPA PROTOCOL GASES ■ ACUBLEND'?^' ■ CALIBRATION & SPECIALTY GAS MIXTURES
PURE GASES ■ ACCESSORY PRODUCTS ■ CUSTOM ANALYTICAL SE RVICES kVBVI 66500-2052

TROY. MICHIGAN / PLUMSTEADVILLE. PENNSYLVANIA



('

•V'

CALIBRATION GAS ANALYSIS DATA SHEET
Western Engineering Division 

Technical Services

Date "4 (O “ S 3 Operator F

Reference
Instrument ID/SN Model
Manufacturer ^ It ro-\

Zero Gas Composition Manufacturer QC OTT SPFC.'/Ul Y
Bottle ID

Certified Span Gas
Composition A^/0 . AJO.y Concentration ^'7-31 r,p)r--- YOO

^ /■—------ “F-

Manufacturer o'tT ^n.ci a
Bottle ID A A/ Accuracy ± / %

Certification: □ NBS/SRM ^ EPA Protocol 1
□ EPA Reference Method

Trial Gas
Bottle ID /^A L Composition /'JO /l)Oj

/
Mfgr S r

Labeled Concentration / ? . 7/)Q Rated Accuracy ±

Instrument Range_ 

Calibration Data

■4

0 ^ ^So

/
y

fP »V'.

Difference

1 /u 1
2 Ml z.F
3 m. 5 2-^

Averaqe

*Zero and span checks between runs.

,3^ 0t'\ KVB71 66500-2052
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CALIBRATION GAS ANALYSIS DATA SHEET
Western Engineering Division 

Technical Services

Date

Reference
Instrument ID/SN
Manufacturer A /'J f\ ^
Zero Gas Composition /\J 

Bottle ID AAL
:Z-

Operator /H > / S l-riz. f\ __________

Model jAR - 6>^0 R

Manufacturer S<^oTT i A L T V

5^
Certified Span Gas

Compo sition CjO
Manufacturer 5

Concentration . 3

4y if-
Bottle ID Z'iA/ Accuracy ±/_

Certification: □ NBS/SRM ^ ERA Protocol 1
□ EPA Reference Method

Trial Gas
Bottle ID AA L 5{ A Composition CD , CO, O-^ Mfgr Sc 

Labeled Concentration 3ZS Rated Accuracy ±__
Instrument Range C> ~ ZOQO 

Calibration Data

/ %

i No. Indicated Concentration* Difference

1 3?.Lx>

2 . It - - d
3 4^0 (q

Average - Z.l

*Zero and span checks between runs.

KVB71 66500-2052



■V

CALIBRATION GAS ANALYSIS DATA SHEET
Western Engineering Division 

Technical Services

Date ^ - I ^ ^ 3 Operator /^ / 5 HB K

Reference
Instrument ID/SN Model //? -
Manufacturer ^ A) AT^
Zero Gas Composition ^Ifhir Manufacturer SpcC!<>!'Iy/

y.Bottle ID /1/U 

Certified Span Gas
Compo s it ion CQy Concentration IZ < ? Z /o

Manufacturer CO j i> e 11 c>.iHfBottle ID U ^ f ^3 ' Accuracy ± 1
Certification: □ NBS/SRM Jjgf' ERA Protocol 1

□ EPA Reference Method
i

Trial Gas
Bottle ID A fit Composition rOV/).Oj Mfgr c

Labeled Concentration??f■ V..- /O '/c,)Rated Accuracy ±______ A

Instrument Range 0--J
Calibration Data

Run No. Indicated Concentration* Difference

1 A\t Id AS ,<?4
2 10 AS

3 .41^ foAS -o4

Average ID .4^ .04

*Zero and span checks between runs.
KVB71 66500-2052
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Scott Environmental Technolosy Inc
Plumsteadville, PA 18949 

(215) 766-8861
Troy, Ml 48084 
(3131 589-2950

San Bernardino, CA 92411 
(714) 887-2571

SPECIALTY GAS DIVISION

KVB
1310 E. EDINGER ST. 
SANTA ANA, CA. 92705

Date:____12-30-82

Our Project Nn • 49329
Your P.O. No.:__27021_

PAGE 1 OF 2

Gentlemen:

Thank you for choosing Scott for your Specialty Gas needs. The analyses for the gases ordered, as 
reported by our laboratory, are listed below. Results are in volume percent, unless otherwise indicated.

ANALYTICAL REPORT

_ , AAL519
r.yl ISIn

Analytical 
Arriirar.y —

Component Concentration

OXYGEN 3.99%

CARBON DIOXIDE 10.49%

CARBON MONOXIDE 325.9 PPM

NITROGEN BALANCE

GRAVIMETRIC MASTER*

ryi Nn AAL395 Analytical ,,,
Arriirar.y 1^*

Component Concentrgli^

OXYGEN _4.0uA
CARBON DIOXIDE

^^S^50%

CARBON MONOX
^25.4 PPM

BALANCE
GRAVIwffiC MASTER*

\

ryi Nn AAL599 Analytical 
Arriiracy — "

Component Concentration

OXYGEN 3.99%

CARBON DIOXIDE

CARBON MONOXIDE

NITROGEN BALANCE
GRAY IMETRIQ^MASTER^

AAL1642

Component

Analytical „
Arriirary 1*

Concentration

NITRIC OXIDE 82.0 PPM

NOX 84.0 PPM

NITROGEN BALANCE

GRAVIMETRIC MASTER*

*CERTIFIED TO HAVE BEEN BLENDED AGAINST NBS CERTIFIED WEIGHTS AND VERIFIED CORRECT 
BY INDEPENDENT ANALYSIS. ^ ^

_________________________ Approved ByAnalyst

KVB71 66500-2052
The only liability of thia Company for gaa adiidi falla to comply with thia analyati shall be replacement thereof by the Company without extra coat.

CERTIFIED REFERENCE MATERIALS ■ EPA PROTOCOL GASES 
ACUBLEND® ■ CALIBRATION & SPECIALTY GAS MIXTURES ■ PURE GASES 

ACCESSORY PRODUCTS ■ CUSTOM ANALYTICAL SERVICES



:: loii bpeciaiiy uases scott=nvi
PLUMSTEADVILLE.'PA. 18J4C ‘ PHONE; 215-766-8861

nvir,., tf'’ Technology, Inc. 

iwX;5 665-9344 Date Shipped-------10/22/o<:

KVB

ATTN: ROGER GRITFEN
1310 E. EDDINGER 
SUITE E
SANTA ANA, CA 92705.

Our Project No: 317922 (48863)

Your P.O. No:---- 2689U-----------------

Page ___i—of ^—2------

CERTIFICATE OF ANALYSIS - EPA PROTOCOL GASES^ 
(Concentrations are in mole % or ppm)

-j

to

AAL-9760 Pprtifipd Accuracy -1 % NRS Traceable Analysis Dates: First 10/14/82 1 aet 10/21/82

PRIMARY REPLICATE
CERTIFIED EXPIRATION ANALYTICAL STANDARD CONCENTRATIONS

COMPONENTS CONC DATE PRINCIPLE NBS/SRM's FIRST StUUIMU

OXYGEN 9.044jf U/21/83 Paramagnetic 2658, 2657 9.oU6% 9.0k3%

WTTnomrw •RAT.AWPT?

•

rwlinrta, AAL—9193 PortSfipH Arcuraev % NRS Traceable Analysis Dates: First
10/15/82 10/22/82

PRIMARY REPLICATE
CERTIFIED EXPIRATION ANALYTICAL STANDARD CONCENTRATIONS

COMPONENTS CONC DATE PRINCIPLE NBS/SRM's FIRST SfcCUNU

CARBON DIOXIDE 12.225f. U/22/83 Thermal Conductivity 1675, 1^74 12.21^ 12.23Ji

NITROGEN ■RAT.ANriE

*We hereby certif’^the cylinder gas has been analyzed according to EPA Protocol No: 1

_______ ________ Approved By. •______ - . .
Penrose Kalloweii, Jr. Vhlranojfs Jlevill

The only liability of thii Company for gat which falls to comply with this analysis shall ba replacement thereof by the Company without extra cost.

Analyst

CERTIFIED REFERENCE MATERIALS a EPA PROTOCOL GASES a ACU8LEND® n CALI3nATiON SPECIALTY G.A3 MIXTURES
PURE GASES a ACCESSORY PRODUCTS n CUSTOM ANALYTICAL SERVICES 

TROY, MICHIGAN / SAN BERNARDINO, CALIFORNIA KVB71 66500-2052



APPENDIX G

INSTRUMENT DATA SHEETS AND STRIP CHARTS

KVB71 66500-2052



MOBILE LABORATORY DATA
Company_f( u S1Q aJ / AUCO /\[ Location Kuf/»\U W

Unit No, _f 6 CapacityData Taken By

Unit Type G^A3 Burner Type

7 rtiJ^Qp Be
f

1. Test No. /- 1 /-■7, 1 ' 3 Cc<\f bee’ll 6u
2. Date fl/e Aff- 5 /le- ^hi
3. Time Una M4o 1^0o

-----LA—2-----
(ZOO

4. Load, MW 80Vo
5. Fuel Type (VAS
6. Probe Position and Port ID |4 d 14 (a3 (.■>

7. Oxygen (%) .J /7.6S- Gg
8. NOx/15% 02 (ppm) 34.0 42,3 32.0 ,'fl3
9. NO/15% Oj (ppm) Slci 3/-S 5JI.7. 51,4 5?.|

10. Carbon Dioxide (%)-Stack p.. 1^ Z 2 .7
11. Carbon Monoxide (ppm) uncor/cor 70 544 30 54-G?
12. Hydrocarbons (ppm) uncor/cor —
13. Sulfur Dioxide (ppm) uncor/cor —
14. Atmos. Temp. ("F) wet/dry • 10 lb
15. Relative Humidity (%)

16. Atmos. Pressure (in. Hg) OS 3d).o4 30. o4-
17. Calibration; (ppm) as found/cor T
18. NO (Cyl # AAL ;Rl-.3j>.,^sig) 0 §4:3 319. CO (cyi#AA( biq ;375.T|L>sig)

0 //s'.?
20. 02, (Cyl # ^Al, Am ; psig)

_21. CO, (Cyl # AA(. ;/7 4f^/psig) /?44
22. so,(Cyl # , psig)

23.
24.
25.
26.
27. ■■

KVB71 66500-2052



MOBILE LABORATORY DATA
Company f\u Sl^/U j A Rcp A L Location j Fr^dio^ f^e^y

Unit No. P ZlOl^ CapacityData Taken By ________

Unit Type Burner Type

1. Test No. 1-4
2. Date she sj\t shs
3. Time !3e>o /42S
4. Load, MW 6(?7o w.5. Fuel Type (k> Gt Cr/^5
6. Probe Position and Port ID 11- /-f to 14 1 tO 14 tJ
7. Oxygen (%) l^ g /4. S3 n.ii
8. NOx/15% 02 (ppm) 33./ (.1.5 (i’Z./'f
9. NO/15% O2 (ppm) 5}.i (,0.1 60.5 i/.i 5^3

10. Carbon Dioxide (%)-Stack l.'l. t-.'Z-
11. Carbon Monoxide (ppm) \incor/cor 2.0 3?.« to l?.l /o I9.j
12. Hydrocarbons (ppm) uncor/cor — — —
13. Sulfur Dioxide (ppm) uncor/cor •— -
14. Atmos. Temp. (*F) wet/dry 10 »3 15
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) 30.04 30.0 30.OU
17. Calibration; (ppm) as found/cor
i8.S^3j^jfio (Cyl #AAi ; l^?5■ psig)

(Cyl #AAl Sl^ 1 ISOb psig) JKT.?
20.70,1S%02-.(Cyl # AAL » f(00 psig)
21./0,WrfX5,(Cyl #AA( 5\^ » /<?00 psig) ;*4‘}
22. S02(Cyl # ; psig)
23.
24.
25.
26.
27.

KVB71 66500-2052



MOBILE LABORATORY DATA
Company ST OaJ j J\KC D Location

Unit No. ( IZOl d> Capacityfj -f. Data Taken By ________

Unit Type ToR&O^Burner Type_
M-ZO ^/0C£ <-1 ^W/U

1. Test No. z- 1 I'S 1- 4 2-i
2. Date sin S'hi '/f £hs
3. Time /435 /44o K45 /4eo
4. Load, MW i0% SOVo scy.
5. Fuel Type Gi AS' GiA b CzAS>
6. Probe Position and Port ID )4 D 14 (J 14 o> 14 t3

7. Oxygen (%) a-b9 /7-7S
8. NOx/15% 02 (ppm) >1-1 56-G 5/.^ 541 (el.4

9. NO/15% 02 (ppm) 55.^ 5U.S 5T.3 3/4
10. Carbon Dioxide (%)-Stack 2.t15 ?.Zb

11. Carbon Monoxide (ppm) uncor/cor 10 I^.I lUp /o /O
12. Hydrocarbons (ppm) uncor/cor — — — —

13. Sulfur Dioxide (ppm) uncor/cor — — '— —

14. Atmos. Temp. (®F) wet/dry 13 n> li
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) 30-05 oS 3a-og 30-or
17. Calibration; (ppm) as found/cor f*»Srf TCS.|

18.<?7.3*v^NO (Cyl # Ml Psig) m-----------------------------------------------------------II i. ------------H-------------------------------------------
19JZS.iLco (Cyl #6;*) ; ;J^oo psig)
20.?a‘lrio2. (Cyl # Ml 4^31? l\0O psig) /6-15T
21./0.4l%CO2(Cyl # AAL .* (§00 psig) 0 /d.44
22. S02(Cyl # ; psig)

23.

24.

25.

26.
27.

KVB71 66500-2052



Record instrument calibrations and drift over the duration of the gas 

traverse. Reset calibrations in preparation for the next run.

Date/Tirae j

NO Calibration After Test

Anlayzer Type TE60 S/N
High Range Gas Cone. 3 I
Zero Gas

% Full Scale 

Z Full Scale &

Analyzer Type Tg.le_ci^ 

Atmospheric Cone: 20.9Z,
Zero Gas 0____________

O2 Calibration After Test 

_______ S/N
Z Full Scale ^3 . ^ % 

Z Full Scale ____ 0 %

Turbine Type R U&-t-e
Zero and Span Drift Data 

___________ S/N
Date:
Test No. Z-'.g'

It) fri t^-ZO

INITIAL 
CALIBRATION 

ppm or Z

FINAL
CALIBRATION 

ppm or %

DIFFERENCE
INIT.-FINAL 

ppm or Z
zOF SPAN

SO Zero Gas 0 9^ 0 0
NO Span Gas Bis O.z .V 0,z
O7 Zero Gas — — — —

O2 Span Gas in AS zaAs 0 * J2f
Z of Spun - ^bspluto Value of Difference 

Instrument Span
* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm 

then 2 ppm shall be subtracted from the difference between the initial 
and final readings

KVB71 66500-2052



MOBILE LABORATORY DATA
Company ^ A^CO Location i:pi fA8>Ul< j Ff^^kot Sck\/

 Data Taken By R_______Unit No. f ViDl g> Capacity 

Unit Type(^A^ lORBlOfc Burner Type
'k'-T.O E #Z RuTj

1. Test No. 1 ~lo z- Z'1
2. Date shi sht she sjts
3. Time iklo /Sl^ /'szo
4. Load, MW 90 7^ JO*-/? S-OYc ^0 7.
5. Fuel Type Gc^s C,A9
6. Probe Position and Port ID /4 /4 O lA 4
7. Oxygen (%) a. Sir /"hTS- If.S'
8. NOx/15% 02 (ppm) J2.I SZ3 (p0.| 31,^ 51,5 3?. 4
9. NO/15% 02 (ppm) 31^ 55,4 1/.7 5^.0 545

10. Carbon Dioxide (%)-Stack z.zS" ?.zr 2.ZS*

11. Carbon Monoxide (ppm) uncor/cor V'} 3/ ^.4 48.3 2-G 41-1
12. Hydrocarbons (ppm) uncor/cor — — — —

13. Sulfur Dioxide (ppm) uncor/cor — — — —

14. Atmos. Temp. (®F) wet/dry 13 13 13 13
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) 30. 0£ 30.0^ 30.05-
17. Calibration: (ppm) as found/cor rn 1 €>4- ■HCpt, fot-/ Tr4+

(Cyl # AAi psig) ?7,!f /7.:? y/.?
(Cyl # AAl 5)^1 ’> /too Psig)

20.lt)firP2 (Cyl # aAl Iloo psig) ?<?.*» r 0 Zo.‘»5 /A? 5

21./£>4*)7oC02(Cyl #AAl 51^ '• /foo Psig) /o-4^ /o.fi 9 (d,4^
22. S02(Cyl # ; psig)

23.
24.
25.
26.
27.

KVB71 66500-2052

,v..



Record instrument calibrations and drift over the duration of the gas 

traverse. Reset calibrations in preparation for the next run.

Date/Time j ISz^

NO Calibration After Test

Anlayzer Type Tl^CO S/N
High Range Gas Cone. ^7-3 

Zero Gas 0 ■
Z Full Scale 

Z Full Scale J0T

Analyzer Type Te^\t.clj r\ P 

Atmospheric Cone; 20.9%, 
Zero Gas ^

©2 Calibration After Test 

________ S/N
% Full Scale 

Z Full Scale 0

Zero and Span Drift Data 
Turbine Type ________________ S/N____
Date;
Test No» 2-^

INITIAL 
CALIBRATION 

ppm or %

FINAL
CALIBRATION 

ppm or %

DIFFERENCE
INIT.-FINAL 

ppm or %

Z
OF SPAN

N’O Zero Gas 0 fir 0
NO Span Gas 0
07 Zero Gas — —

02 Span Gas 20.^S 2D.^S 0 * 0
Z of Span - Value of Difference

Instrument Span
* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm 

then 2 ppm shall be subtracted from the difference between the initial 
and final readings

KVB71 66500-2052



MOBILE LABORATORY DATA
Company P>1AS>~T6aj j A^LO Location/s(j ^ ftuclko^

Unit No. f ITOZ Capacity_ 

Unit Type^/^S 7u^Sl<OE-

Data Taken By p'fSH^K

Burner Type

1. Test No. Z'lO Z-M /Z 1

2. Date 5/n 5-//P sjlf- sh
3. Time ths /54o /5‘45 /^5o
4. Load, MW 6^^ Vo S'OVo 30 /o
5. Fuel Type (^A^> 6tA9 (p/- ^5
6. Probe Position and Port ID |4 O (4 '4 (4 o3
7. Oxygen (%) If If-’
8. NOx/15% 02 (ppm) 51.3 (pO, ( 35.4 (pZ.I 3Z.4 IA.g G5.4
9. NO/15% 02 (ppm) 31.3 5%.h (pO.io 3I-3 541 37*5 GZ.4

10. Carbon Dioxide (%)-Stack

11. Carbon Monoxide (ppm) uncor/cor B6, 4q H.4 40 4b,G 40 4b, (.
-ik
lO

jIc- ■fo*
13. Sulfur Dioxide (ppm) uncor/cor — — —

14. Atmos. Temp. (®F) wet/dry *3 13> /3 /3
15. Relative Humidity (%)

16. Atmos. Pressure (in. Hg) 30. OS 30.6^ 10.0$ 50. ior
17. Calibration; (ppm) as found/cor fa - ^<0

18.?7J|^;^IO (Cyl #M(. 5*154 psig) i7.3
(Cyl #A4/ S)*) } RlS psig) 375.1 ??;.i i/d.o /?/.?

20.i^.'5fio2,(Cyl #AflL 4?3^ J /05O psig) zi>.l5 ZA.Is
2i./fl4'i%co,(cyi #4Al i I9?b psig) /0.4J <£5 /0.4I 7^-41
22. S02(Cyl # ; psig)

23.
24.'

25.

26.

27.

.COKR. FOR
i£Ko i>RiF7

!% cH
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Record Instrument calibrations and drift over the duration of the gas 

traverse. Reset calibrations in preparation for the next run.

Date/Time

NO Calibration After Test

Anlayzer Type S/N
High Range Gas Cone. f3

_____ grZero Gas
% Full Scale 

Z Full Scale 0

O2 Calibration After Test

Analyzer Type 

Atmospheric Cone; 20.9%, 
Zero Gas 0

S/N
% Full Scale 

Z Full Scale

Zero and Span Drift Data
Turbine Type ~RuiLS.4<!a>^_______________ S/N____
Date; S - € 3
Test No. 2- ID _______

M-ZO

INITIAL 
CALIBRATION 

ppm or Z

FINAL
CALIBRATION 

ppm or %

DIFFERENCE
INIT.-FINAL 

ppm or %

X
OF SPAN

N'O Zero Gas 0 a 0
NO Span Gas n.i- 0.4 . 0.4
O7 Zero Gas — —

O2 Span Gas 20.^5 ZO.fS o.z * 0.^
1 -e r.____ Absolute Value of Difference* rument Span----------------

* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm 
then 2 ppm shall be subtracted from the difference between the initial 
and final readings
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MOBILE LABORATORY DATA
Company _ RuiTO/u / Location Ai^SK^i M iCo

f ^-------------

Unit No. f z?n? B> Capacity Data Taken By F}S 

Unit Type GAS __________ Burner Type

1. Test No.
2. Date
3. Time
4. Load, MW
5. Fuel Type
6. Probe Position and Port ID
7. Oxygen (%)
8. NOx/15% 02 (ppm)
9. NO/15% 02 (ppm)

10. Carbon Dioxide (%)-Stack
11. Carbon Monoxide (ppm) uncor/cor
12. Hydrocarbons (ppm) uncor/cor
13. Sulfur Dioxide (ppm) uncor/cor
14. Atmos. Temp. (*F) wet/dry
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg)
17. Calibration: (ppm) as found/cor
18.£7 7,^.N0 (Cyl %l\hL 5^54 • IZSO Psig) ??-3 .0^

(Cyl #AA( 5l4 ; psig) 020.?o*[S%02-,(Cyl % ih L Arll^ f l05o psig) 10.‘If

2i./o4n„co2(cyi # A/;.' psig)
22. S02(Cyl # ; psig)
23.
24.
25.
26.
27.

KVB71 66500-2052



mobile laboratory data
Company. / fe cJ CLocation KuPAg.UK / flRr o AlAsIka

Unit No._ f 2101 6> Capacity Data Taken By _______

Unit Type AS TuRt?>l/OE. Burner Type
0,

1. Test No. /-
-5==

I- 7, / - 3
Aj

/- 4
2. Date s: S' 1In sh //
3. Time iHn 175^5 iS’oS
4. Load, MW 54 Vo HV. fA %
5. Fuel Type Cx/\ s &A S r/?S
6. Probe Position and Port ID ( CO 1 3 L) 4 tP
7. Oxygen (%) .D /f. 9 3 /7 .e
8. NOx/15% 02 (ppm) 377. B3 57. L 70.3 ,v.. «r9. NO/15% 02 (ppm) ^c> 3<;, 3(; 357

10. Carbon Dioxide (%)-Stack z. r. z.:11. Carbon Monoxide (ppm) uncor/cor so* 1+4 *

12. -Hydrercatrbons (ppm) uneor/oor C o 6"
vk

13. Sulfvur Dioxide (ppm) uncor/cor
14. Atmos. Temp. (®F) wet/dry 13 (3 /3 /3
15. Relative Humidity (%)
16. Atmos. Pressvire (in. Hg) 30- dr SH.os 3d-oy ya.dr
17. Calibration: (ppm) as found/cor P/e' rcif ■

(Cyl 5‘!54»* \Z5t> psig)
19-??5,p'j!j.CQ (Cyl ^\c\ , 1-^75- psig)

20.70.‘?57;02-, (Cyl #//; ; lo^o psig)
21. iD.4’<:;C02 (Cyl #/,/■; /??«TPsig)

22. S02(Cyl # ; psig)
23.
24. ^

25.
26.
27.

KVB71 66500-2052



Company |^U.STO<0 /& u)C
MOBILE LABORATORY DATA

___________  Location / ARCQ

Unit No. P ZV>1 & Capacity___

Unit Type TuR E>i^F

Data Taken By t=-ISMF.R

Burner Type
Tf<P<y'£- /si>fL

1. Test No. /- S' U /- y- /'

2. Date sl • 0. 5U& S //4 Sl/s
3. Time yp4o
4. Load, MW 54 •4 S4 •/. M *4
5, Fuel Type CcAS 6t/4J CrM
6. Probe Position and Port ID ST u) 6 y-
7. Oxygen (%) 17^9- . P 1% 6-
8. NOx/15% 02 (ppm) >4.5 65. L 34.0 64. Z 3^0
9. NO/15% 02 (ppm) 32. JJ i 75-5

10. Carbon Dioxide (%)-Stack u 75 -Z.-&S •^.^s 2.;r
11. Carbon Monoxide (ppm) uncor/cor so* t

so 44-4 50 t/-.4
K

%4-
12. Hydroearbons—(ppm) uneer/eor CO i-

5 V—e; i
13. Sulfur Dioxide (ppm) uncor/cor — —

14. Atmos. Temp. (®F) wet/dry l> />
15. Relative Humidity (%)

16. Atmos. Pressure (in. Hg) JO.oS 30.oj 30 -05
17. Ceilibration; (ppm) as found/cor
18.f?.?|,^.NO (Cyl # AAL 5^54 i )150 psig) 0

(Cyl § Aftl S\^ } ms psig) 4r 3SrO
20.lD.l’^'P2-ACyl * AAL ■^17^ i fO^O Psig)
21./j,f?%C05(Cyl #AAL SlA } psig) P /0.4?
22. S02(Cyl # ; psig)

23.
24.
25. ^ (LD ^ero hrSec\

26.

27.

^ cofr. +o 
iEIVO

" CO»P.

rfCO XitIF
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MOBILE LABORATORY DATA
Company ^USTo^ &t^C / A^CO Location KuPARUVc PfuxrlUg B>c,y

Unit No. f ttPt A Capacity Data Taken By ________

Unit Type/WA^ _____________ Bxirner Type __________

1. Test No. I-I 1-1
2. Date sin S Ifi r//4
3. Time S,TA^T ft. \\(P llo^ i\\4 l\z.\ IU.d
4. Load, MW ^4 Vo Vo 54%
5. Fuel Type (i As (iA5 QAS
6. Probe Position and Port ID 1 s. t 5 3 !> f |5
7. Oxygen (%) 17.1 \7. n- ■5 1^.5
8. NOx/15% 02 (ppm) <^3.1 47-0 41.5’ 2?. 45 40-r 66.0
9. NO/15% 02 (ppm) 42.r 4m ■iO.^ 4J.P 66.5 4®.o 65'.;

10. Carbon Dioxide (%)-Stack 2.13 l.z^ 2.3B 2,39
11. Carbon Monoxide (ppm) \incor/cor 7S III.?. 1^-4 54- 14.» >33,4
12. ttydrocarbona (ppm) unceg/oor CV Ji

bs (,4 (>7 h
13. Sulfur Dioxide (ppm) uncor/cor — — —
14. Atmos. Temp. (“F) wet/dry n 13 ‘5
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) 24. fC, n.tt.
17. Ceilibration: (ppm) as found/cor 1*a
le.mp^O (Cyl #AA» 5154 » 117^; psig) &1.3

(Cyl #/1/Ic W(/'?^ psig)
20.^*1/J,^2^(Cyl # i(0 psig) 20*1?
2i./o.44'co,(cyi #44c ; /b'fs psig)
22. S02(Cyl # ; psig)
23.
24.
25.
26.
27. •

tfKow.K

KVB71 66500-2052
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MOBILE LABORATORY DATA
^US~\0/v-» Location IrUPft^uVs Pruclkop

I

 Data Taken By F/SH€j^

Company;____

Unit No. f not A Capacity

Unit Type fcAf TuABiOL Burner Type

1. Test No. 1- t> /- (o /'P
2. Date ^//ifc slnj83
3. Time Hij: 1\^Z W fl5G
4. Load, MW H % HV.
5. Fuel Type GA S Gas &AS, Gas
6. Probe Position and Port ID S S (p 5 I' 5
7. Oxygen (%) /T-3 /^.3 n /f ?
8. NOx/15% 02 (ppm) J7.f 3i^,0 Gl,f
9. NO/15% 02 (ppm) fel.l 34.1 5/.S 34.1' io,o

10. Carbon Dioxide (%)-Stack 2.18- 1-3^ 1.38^
11. Carbon Monoxide (ppm) uncor/cor 2,8 ^1-1 2-0 32.(» 2^

4 4-

13. Sulfur Dioxide (ppm) uncor/cor --- — —

14. Atmos. Temp. (®F) wet/dry 13 !■>

13 13
15. Relative Humidity (%)

16. Atmos. Pressure (in. Hg) 3r f-fc
17. Calibration: (ppm) as found/cor ■Zf/to ^0*+ '
18.«.3rt>J^O (Cyl #AAr ; 111^ Psig) m---------- Ips------------ --------------- u—c----------

(Cyl *AAt J/£.75 Psig) 22) i^C.0 its A

20^0^5 02 - (Cyl #AAf psig) ?tf.7r
21.)0.41 C02(Cyl #/lAl 5lA } /Ll^ psig) 9
22. S02(Cyl # ; psig)

23.

24.

25.

26.

27.

A

CO*tR. foR
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Record instrument calibrations and drift over the duration of the gas 

traverse. Reset calibrations in preparation for the next run.

Date/Time f \ZOQ

NO Calibration After Test

Anlayzer Type T£ CjD S/N
High Range Gas Cone. ^7-3
Zero Gas QS

Z Full Scale ^7- J 

% Full Scale ^

O2 Calibration After Test

Analyzer Type S/N
Atmospheric Cone; 20.9%, 
Zero Gas 0

% Full Scale ^3.^ 

% Full Scale 0

Zero and Span Drift Data 
Turbine Type *R\.ka.-\-Q _______________ S/N____
Date:_SMl -<P3
Test No. 1-1 l-S

I Ru.<^ Av-LO

INITIAL 
CALIBRATION 

ppm or %

FINAL
CALIBRATION 

ppm or %

DIFFERENCE 
INIT.-FINAL 

ppm or %

%
OF SPAN

S’O Zero Gas Q! 0 Of 0
NO Span Gas /•fc 1.(0
O7 Zero Gas — __
O2 Span Gas ZoAS 20-75 0.2 *

* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm 
then 2 ppm shall be subtracted from the difference between the initial 
and final readings
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MOBILE LABORATORY DATA

Company ^nrroA> eu?c^4<»cO AcASKfi' Location h-UpfiRuk. ^ £AY

Unit No P zzt>Z A Capacity Data Taken By FiSHBk 

Unit Type Tu^^\AJE Burner Type ________________________

1. Test No. 2 2-2 2'2>
2. Date . srjlV/i sh<\|/^ s-h^jo sinjes
3. Time ll+l- 1554 4oi /4oa- /+ir
4. Load, MW M7o i4Vo M Vo UVo
5. Fuel Type (xAS (kA$ (?! <4 $
6. Probe Position and Port ID 1 5 ^ 1 ^ 3 5 4
7. Oxygen (%) Ito 5:
8. NOx/15% 02 (ppm) 40-4 414 8A] 40.4 Bl.l
9. NO/15% 02 (ppm) 344 40.(- ^/4 4o m J9.0 n.z

10. Carbon Dioxide (%)-Stack 2.i 2. 25- Z.25-
11. Carbon Monoxide (ppm) xincor/cor 35 M-.o 3? 20 3S.9-
12. Hydrocarbons (ppm) uncor/cor — - - -
13. Sulfur Dioxide (ppm) uncor/cor — —
14. Atmos. Temp. (®F) wet/dry IT- /? 19' n15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) zr> 24.? 27.7
17. Calibration; (ppm) as found/cor fft l«s4
18.fPj^4^0 (Cyl # AftL 5154 ; /Jf5 Psig)
19.?7S-Vjj..C0 (Cyl # AAl 5H J Psig)

20.2a.V%02 -. (Cyl # AA/ 473? • 200 psig)

2i./GAiy„co,(cyi # Af\L 5h i psig) I0 4ix
22. S0p(cyl # ; psig)
23.
24.
25.
26.
27.

7-^'i
i.Ol KVB71 66500-2052



MOBILE LABORATORY DATA
Company ^ AtC^ Location hruPA^Uk

Unit No. P TU>L A Capacity Data Taken By_ 

Unit Type&>\^ Tuk&yQF

P^Ut>H<&g BAY

Burner Type

1. Test No. Z - 6. 7

2. Date 5//W/3 SI\‘\\S3> sh^\/sz .r//f/T3

3. Time /4ZZ
---- f—----

14:? Z, Ml (44fe
4. Load, MW £4 V„ 2^ Vo U % HVo
5. Fuel Type $> Cc' Ct CAS
6. Probe Position and Port ID s 6 s 4ls 5 S
7. Oxygen (%) a- 5 n-.vs
8. NOx/15% 02 (ppm) 57-0 ^3.4 3(, 70. ^ 3f.7 76

9. NO/15% 02 (ppm) 55^8 7|.0 3^ (ill 34il 67-2
10. Carbon Dioxide (%)-Stack Z.z^ Z.ZG

11. Carbon Monoxide (ppm) uncor/cor 2Z- l-L 43.C. ^4 41^
12. Hydrocarbons (ppm) uncor/cor — — — —
13. Sulfur Dioxide (ppm) uncor/cor — — —
14. Atmos. Temp. (*F) wet/dry (7 f? /7 17
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) ilrs Z48'
17. Calibration: (ppm) as found/cor Prt/ Tr*-/
18.Si3^.,N0 (Cyl#AAL51S4 • II00 Psig) S7? n3
19^5.1j;^«CO (Cyl # Afl/ Si'l ** ItSo Psig)
20.Zo.<^s7o02 (Cyl # aal 4^37 ; Psig) zl.r
21.|omco,(Cyl #Aflt } /L5o psig) A-14
22. SOp(Cyl # ; psig)
23.
24. 5feek,W. fi I4"Z.4 put *lo
25. a Wft«»k I" Ilf

26-I*"P*
27. A«^J 19*^ ' w
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Record instrument calibrations and drift over the duration of the gas 

traverse. Reset calibrations in preparation for the next run.

Date/Time //4-50

NO Calibration After Test

Anlayzer Type TELO S/N
High Range Gas Cone. % Full Scale
Zero Gas J^! Z Full Scale

O2 Calibration After Test

Analyzer Type Te /eJ V oe S/N
Atmospheric Cone; 20.9%, % Full Scale 83-S-
Zero Gas 0 Z Full Scale _ 0

Zero and Span
Turbine Type

Drift Data
S/N

Date:
Test No. l'\ fUru Z-S

INITIAL 
CALIBRATION 

ppm or Z

FINAL
CALIBRATION 

ppm or %

DIFFERENCE
INIT.-FINAL 

ppm or %

z
OF SPAN

N’O Zero Gas 0 0 0 0
NO Span Gas ^7.3 S7.7- OA .V <9.4
O7 Zero Gas — —
O2 Span Gas ZD.^S 21-9 0, ss * 2.1

% of Span = Absolute Value of Difference 
Instrument Span X 100

* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm 
then 2 ppm shall be subtracted from the difference between the initial 
and final readings
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MOBILE LABORATORY DATA
Cong>any f^usTo/u /a^cq Location A:uPARMh: FAut>/fe>s B/tf

Unit No. r zZt>i A Capacity Data Taken By PlSMCK

Unit TypeGAS naR&lQP Burner Type

1. Test No. 3-/ 3' ^ 3 ■ 3 3-4
2. Date 5-//1//3

3. Time 5TA<T iSiS iSzz 152^ /S3G 1^4-5
4. Load, MW SA V, % ^4 % HV.
5. Fuel Type 6./ s Cf A ^ 4Ai
6. Probe Position and Port ID ) S ’t. s 3 $ 4 s
7. Oxygen (%) R.d a.o /?. 0
8. NOx/15% 02 (ppm) 6//0 4o-i 40.(o 40.1 5?.t2 1/0,0
9. NO/15% 02 (ppm) 4o ^>0.3 4o tO.3 3U, 54.4 37.3 54.2

10. Carbon Dioxide (%)-Stack Z.Z9 2-36 I.3S- ^.3^
11. Carbon Monoxide (ppm) uncor/cor 141-.^ lot. |S?-(. 93-4

'if
X5lo U'i ^o ^ -

13. Sulfur Dioxide (ppm) uncor/cor — — — —

14. Atmos. Temp. ("F) wet/dry
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) ZI.S zu17. Calibration; (ppm) as found/cor f(c W
18.1?7.->|^JJO (Cyl # AAl 5*154 ; //^O psig)

(Cyl # AAl psig)
20.a».^?io2 (Cyl # AAl > ‘^O Psig) 70.^
21./l.41*AC02(Cyl # AA/ Sn f IhSO Psig) /Off
22. S02(Cyl # ; psig)

23.

24.

25.

26.

27.

?£ieo fcRiFT
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MOBILE. LABORATORY DATA
Company RuSlOA/ / f^Aco Location /^uPfif^uk ^

Unit No ._I_Z^0£_/5_ Capacity Data Taken h)i__£JSJ/£A

Unit Tvpe^<^I 7u^O><Q£ Burner Type
yn-zo CO>^P^/Aa)c^ ^OA)

1. Test No. 3 -S .3- ?
2. Date Sh^/S2> x/zt/u
3. Time !5So /5S7 /Lo^ /c,n
4. Load, MW %> Si %
5. Fuel Type (jtA 5 (SA 3 ^AS CrAi___
6. Probe Position and Port ID S’ s 6> S 7 s. S' 5
7. Oxygen (%) ll.OS <T.08- I7.0S /2,og
8. NOx/15% 02 (ppm) 5S.(» 54,-f 56,0 55?
9. NO/15% 02 (ppm) 3?.L 577 3S^e 35.0 3f.4 5f.f 35.} 5f3

10. Carbon Dioxide (%)-Stack ?.3i 2.3^ 2.3^
11. Carbon Monoxide (ppm) uncor/cor 57- 5^.3 sz 7^-? BZ ni
12. Hydrocarbons (ppm) uncor/cor A % M

to

13. Sulfur Dioxide (ppm) uncor/cor — — — —

14. Atmos. Temp. (®F) wet/dry n
15. Relative Humidity (%)

16. Atmos. Pressure (in. Hg) zrg 7?.^ 21.^ 11. f
17. Calibration; (ppm) as found/cor Poi-f TeSrf

i8.£?3ppj«o (cyl } non Psig) 0 1^7.?
----------Ft------------ '------------------— ---------19.5ZP,1ppSO (Cyl #/\At 1*^ •’ Psig) 370
------------- ---------------------------------------------- ---------------

2O.10.^5'/.°2- (Cyl # AAt 4^3”?- } psig)

2l./otT%CO,(Cyl #AA(- S\0i f psig) 0 /0,4?
22. S02(Cyl # ; psig)

23.

24.

25.

26.

27.

sss.

. roK

, ^
a»#l

KVB71 66500-2052
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Record Instrument calibrations and drift over the duration of the gas 

traverse. Reset calibrations in preparation for the next run.

Date/Time / )lol^

NO Calibration After Test

Anlayzer Type Tp r D S/N
High Range Gas Cone. % Full Scale 3
Zero Gas 0^ % Full Scale 0

O2 Calibration After Test

Analyzer Type S/N
Atmospheric Cone: 20.9%, % Full Scale
Zero Gas % Full Scale Of

Zero and Span
Turbine Type Rul^TOAD

Drift Data
S/N

Date:
Test No. 3-/ Z-&

Rua)

INITIAL 
CALIBRATION 

ppm or %

FINAL
CALIBRATION 

ppm or %

DIFFERENCE
INIT.-FINAL 

ppm or 7.

X
OF SPAN

MO Zero Gas 0 & 0 0
NO Span Gas 0*4 ,v 0.4
O7 Zero Gas — —

O2 Span Gas lo.^s 0 * 0
Z of Span Absolute Value of Difference X 100Instrument Span

* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm 
then 2 ppm shall be subtracted from the difference between the initial 
and final readings
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.3^ rni'»^ ^ (»0 \e<- Z3 Se<c<s>v^^^c\s

^/lojn
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HOMER R. DULIN CO.
729 EAST WILLOW STREET 

LONG BEACH, CALIFORNIA 90806 

424-8533 636-4096

CALIBRATION CERTIFICATION

SUBMITTED BY:. KVB

FLOWMETER SERIAL NO. 

MANUFACTURER_____ KVB_

TUBE NO.

MF6.SERIAL NO.. OR-1

remarks:. P Imrhes H20 vs SCFM Air 0 29.82 Inches Hg & 74*^F
ACCURACY See Data

INDICATED ACTUAL
P INChIeS H20 __________ SCFM
7.00 2. 1.607
6.00 1.492 '
5.00 1.358
4.00 2.0 1.214
3.00 1.053
2.00 1.4l4 0.861
1.00 /. n 0.623
0.50 0,1-01- 0.443
0.10 0.207
0.05 0.724 0.153

Equipment Na

Flowmeter Certified with HOMER R. OULIN CO. 
12400 0.2%

.Accuracy. Colfc.Oue
6/81

NBS No. Cert. No. 213.09/217246
Our stondords ore certified by or are traceable to the Notionol Bureau of Stondordt 
and comply with MIL-C- 45662 A.

P.O. No.
24282

Shipper No.

6-16-81 J5-16-82 R DnlftL

CALIBRATION DATE
105

RECALIBRATION DATE CALIBRATION TECHNIUAN
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APPENDIX H

CONTROL ROOM DATA SHEETS

1
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Test
No.

Date
1983

Unit 
P2 202

Baro-
metric 
Press. 

" Hq

Rel. 
Humid.

%
Load

%

Temp.
In
op

Temp
Out
op

Temp.
of

Oper. 
op

Turbine Data
Turb/ Gas Fuel
Pump Gener. Press. 

Speed Speed Diff.
RPM RPM \/AV ” Hq

Avail, hp 
of Turb. 
at Turb. 
Speed hp

Suction
Press.
psiq

Pump 
Disch. 
Press. 
psiq

Data
Water
Flow

MBbls/hr

Pump
Calc.

hp

1 5/18 B 30.05 69 80.1 21.6 814 800 5775 9900 5.4 4350 81 .0 2200 3.25 3482
2 5/18 B 30.05 69 80 25.5 820 800 5750 9900 5.4 4340 88.8 2200 3.25 3470

3 5/19 A 29.86 68 82.6 42.4 856 856 5950 9900 5.43 4420 78.3 2163 3.46 3649
4 5/19 A 29.75 68 85 41 .5 818 819 6000 9900 5.46 4440 78.5 2175 3.56 3776

M
O
00

KVB71 66500-2052
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XIMA

RusTOA/6/fi Tc/je3/A/£!s ^ X B X // ^ AdiDPUMP ENGINEERING DEPT 
BINGHAM-WILLAMETTE COMPANY

PORriANO OREGON A SHREVEPORT LA

BINGHAM-WILLAMETTE LTD.
VANCOUVER. BC A CAMBRIDGE ONTARIO

PUMPSr£J9flAfS- RnCO
^looo /Aijsc.r//W * 

Cost. P,o. A/a. s Saa4B-aaozo 
PuASPS/f^z. /B4TTOBU1}

R. p. M.

x/zyfmx
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c

GAS TURBINE OPERATING DATA
Company location /ItiCo/ItisIfA - yipAHoK

Unit Mo. • p^7a> R Capacity MlfcO Hr Data Taken By "~/^pc/.&/0____

Unit Type TR ^OOBurner Type______ ------------------------------

1. Test No. 1-1 1-1 l-.V IS

2. Date________ ___________________________ 5/IS

3. Time 10: iJ n: 12! n r.n
4. Load, ( HP , eAicL>l^Xfciy 3480 3W82_

5 Fuel Type (>AS (>A^

fi Ambient Temp. {*F) wefe/dry {,92 / 22. - ------ >
7 Ambient Press (in.Hg) lo.fir To.04 To. 04

B Relative Humidity fe9 69 .
9 Fuel Flow (cfm or Ib/hr) 4 A? (iwHiC S.H— ____

_^SV/--------

10 Compressor Inlet T (*F)
2ioo ?7O0 ilo o • 220O

12 Turbine Inlet T CF) 'll 22. 21.2. ?l.2.

13 Turbine Outlet T (*F) e\o glO R«r 820

14. Turbine RPM_____________________ 5&00 5?n> .T7rt)
15. Generator RPM_______________ --------------- •*

16 Water Injection (gpm or Ib/hr) »J/A NA N A NA

17. Ai/AilAhle M3£>o M2HO 4T40

18. V. of- 79.8 79.9 2c.Z so .2-
-808 .ftoK .gaff

20.
21.
22.
23.
24.
25.
26.
27. ------------- -----

KVB71 66500-2052



GAS TURBINE OPERATING DATA 

------- Location flffe
unit HO. tmit Cp.clty__***‘«'> By_ISlSS£i_ 

unit Type r«.CTroBurner Type------ Cjli-------------------

1. Test No. z-i— Z-8 2'il
V

2. Date ___________ ________________________
3. Time___________ _________________ im:i^
A Load, ^0 (.fP 5v|fe> 31b? ?H?0

5. fuei- ___________ __________________ _____
a A a ^

6a5 fe>A5
--------- 26. Ambient Temp. (*F) ^/dry__________

1 Ambient Press (in.Hg) 30-or
B Relative Humidity ________________ _ fc>____ ___
Q Fuel Flow . (cfm or Ib/hr) Tin Hio’> r,H ____

jT-ii____ ____
30. Compressor Inlet T (*F)__________

Zloo 2100 lioo Z2t»

12 Turbine Inlet T (*F)_________________ 2H.t 2S7 py.? 2^.?

13 Turbine Outlet T (*F)________________ ?20 g20 F?o tio

14 Turbine RPM S?JV 5>rb <7i7)
---- aIS. Generator RPM_______________ __________

16 Water Injection (gpm or Ib/hr)______
9>Cft> va

_____
M A

17 <4 i/A 1) ^ L frr smo MlHO Silo 'J?wO

7^3___ 7».^__ Ao.o----- gaJ----

IQ- 9. _____________ ____ —
■^0^ -

--------------- ---------------------- ------------------------

OA

25.__________________________ ___________—
1A

27. -------------------------------- —

■'r/

■a:

•-fe

KVB71 66500-2052



f

GAS TURBINE OPERATING DATA
rr^mn^nv *T? aT»v "73ffi>/r>gS location

Unit NO. ?r,o7 A Capacity ^ Data Taken By. -------

Unit Type._______ Tr qsaoBurner Type--------------------------------------

1. Test No. ___________ *______________  . 1-1 1-2.

9 Date ■r-19-Al ----- ^

3. Time___________ 1,'fo M :^o ntto

A Load. T«r / ^ r-U,) .5f»or T>i(

5 Fuel Type d A1 Gas

A Ambient Temp. Cf) wet/dry As / IS /l3

7 Ambient Press (in.Hg) 2%n 7>-»C

g Relative Humidity LR
9. Fuel FJLow (cfm or Ib/hr) \/^p ,rs"HzO

2^0. Compressor Inlet T (*F)_______________ //
11 Com^s^Lsor Disch t^n i fag)______________ 2»rb

12 Turbine Inlet T (*F) 2.1 2.0 ^0

13. Turbine Outlet T (*F)__________________ &&0 STbO

14, Turbine RPM _____________________ S^Sb r>JT> :T^5P

IS, Generator RPM_______________ ___________ 9900 99 00 9 900

16 Water Injection (gpm or Ib/hr) AiA AJ Pi AJA*

17. ______________ g«/20 </Vto wno
1ft. # «/•? . e'l.o

io . kug ' —9

20.

21.

91

9d

9A

27. -----------------
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c

GAS TURBINE OPERATING DATA 

Company "7Gi»A»rv->J Location /)gfo

Unit No. ip ??02 ^ Capacity »>» WMVo Data Taken By_

Unit TypeTa •StXO Burner TypeCflc)

1. Test No. 2-1 2-S 3-r 3-8

2 Date ^//2/aa '------------------- ------- »

3. ______________________________________ »v.ro /r\Sb
4. hoid,CiP 3?JT
5. Fuel Type Gas Gas

6 Ambient Temp. (T) wofe/dry /I? /I9- yi> /i?

7 Ambient Press (in.Hg) 25.V 2> « 25.8
B Relative Humidity - 4,1? w 6s '* tJf ^ 68
9 Fuel Flow (cfm or Ib/hr) ^aP m fho s-.'t'T rvT 5.r

10 Compressor Inlet T (‘F)

ztrr 2i?r 2.?r
12. Turbine Inlet T (*F)_______________ Z2- 22. 23 23
13 Turbine Outlet T (*F) Cfeo grfeo ^ST> s'yr-

14. Turbine RPM 4>«tO

IS. Generator RPM___________ ^06D 9900 Q<70O ?50O

16. Water Injection (gpm or Ib/hr)_______ A M A A)A Nk
17. tP /)wAr)ji>/e VVYo v/v/Vo yvc/o
IB. li>AO «r.e ffY.b S'?,?- «5*4.8

19. —r
20.

21.

22.

23.

24.

25.

26.

27. J------
KVB71 66500-2052
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Multiply 
inches 
fIVmin 
US gal 
UK gal 
lb

By
25.40
7.482
3.786
1.201
0.4536

Ib/min HjO 0.1199

To obtain 
mm
US GPM 
liters 
US gal 
kg
US GPM

Multiply
bar
psi
psi
fP/min
hp
Btu/sec

By 
100 
2 311 
6.895 
1.6992 
0.7457 
1.0547

To obtain 
k Pa 
ft H?0 
k Pa 
m’/hr 
kw 
kw



M
M
o>

<T>
(T»
Oi
O
O

N5
O
U1
Ki

/ /me:

Jp; >3

//^V3 

/z : ;3

r>/ 3

Multiply 
inches 
ftVmin 
US gal 
UK gal 
lb
Ib/min H?0

By 
25 40 
7.482 
3,786 
1.201 
0.4536 
0.1199

To obtain 
mm
US GPM 
liters 
US gal 
kg
US GPM

Multiply By To obtain
bar 100 k Pa
psi 2 311 flH20
psi 6.895 k Pa
ftVmin 1.6992 nP/hr
hp 0.7457 kw
Btu/sec 1.0547 kw

fsoc.
^S)C^

3.

2TO

lZ.c?o

T-ZjoC?

zzoo
ZZx?0

.'SOS'

i'H'AvAtL.

s-^eo 79.^

3 9S'3 ^.5

^5-9^ 2^,Z.

2;/7 3^2^5' 9d Zzoc?4?7fc --.soy S^Ll 959>0 7 7.9
3;/7 7c? tZOi^ •^-VDZ 7 7 9.^
i‘‘/7 3,z,T. 2. zoo

4?6'
- .&Of 3970

5".V7 3. zr^ ^1 tzoo/>^r,p
^,2Pt 3997 VO A

2^t-o. -Tir

2 k w3) O c
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> 2
33
m _O m
5

^ mI 3

K
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> I
1 ' O i
^ ! 
O I
5 i

''>1

&

kr\

o >
d I N

iVi

0

I 5oCD

ni in

ii
m B
m **>
iiO bb 

^ 1

n
sOb

M

c/)I
mmH
zp

o-n



m
z

t-*
-J

Multiply 
inches 
fIVmin 
US gal 
UK gal 
lb
Ib/min HXD

By
25.40
7.482
3.786
1.201
04536
0.1199

To obtain 
mm
US GPM 
liters 
US gal 
•<9
US GPM

Ch
Ch
ui
O
0

1
to
o
U1
to

Multiply By To obtain
bar 100 k Pa
psi 2.311 ft HjO
psi 6.895 k Pa
ftVmin 1 6992 rn‘/hr
hp 0.7457 kw
Btu/sec 1.0547 kw

TimfL

9:^0 ^9s-o

10. fo

n ■ fo

hJc,c,

9900

9900

99oo

~9~)

^,oZ.

IZ-F

^t~s>
g'S'iT'

; o/»

^'TjO

g'ZCr

i^.r

r,^s-

!'SO COOO 99oO s.s-^c ^zo

t '.so C OlPO ??oo S.S- ^iaO 2^Zo s,ir
Z:S0 Uooo 9 900 5", o d'9CF if/ST'

6^000 9900 9 0 ?Zc> CSD

5
tN
to
>9

S>
D
0
>

*0 t-S g
> zm I
O fTl
5 I
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M
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o
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Multiply
inches
ftVmin
US gal
UK gal 
lb
Ib/min HK)

By
25.40
7.482
3.786
1.201
0.4536
0.1199

To obtain 
mm
US GPM 
liters
US gal
kg
US GPM

Multiply
bar
psi
psi
fP/min
hp
Btu/sec

By
100
2 311
6.895
1.6992
0.7457
1.0547

To obtain 
k Pa 
ft HsO 
k Pa 
rrf/hr 
kw 
kw

f~LOUJ Pd^s %U>^1

9/0 S.fsr^ 79 ,S0i 54,/2-

J^'/P 7^ '2.JSO 2UG>B‘ 23.0

JJ./P 3.‘9P 7r V 75"
AV'tU

,yor 3 tPS" ^).L>

I'z : fO 7T 2./, 7<T
-0 f-7^

,7ro’i’ 37; ) T^.CP

/ 5'o 3.^6 yQ> z/75"
’ /

x'iro? 3 775

z; SO
^f7^•

77 ^/7S7 , r^.(>

j; ro 75^ t./P'T'
^rs3

37/4 ?3.7

3.G>^
’J0S-

2,/ 7S^
JjYtt

. yoz 3^ Si" 2i>S

i'f



APPENDIX I

PARTICULATE DATA SHEETS
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• '1ri
I

LOCATIOtJ 
CNIT

KoPfi/^o k
f ?2o2S

f5/0 b^L
TVtU ■

OPERATORS

TEST :n;:'EER 
DATE .
AMBIENT TEMPERATURE, *F 
METER VOL.(START/END)

SJISJX^
mSTo?fifO ( w-x^To TnrT^/«ta.&oi

(i>7S»-^3/ 7ofa?.l\

Page i- 
Of -I-

)t?U ^lie.

’itot
Ihermometer 
leak Rate.C 
■AC, "Hg 
Initials 
est for

System Checks

Initial Pinal

1 it. 01 < .o<
ZS \3

oftp/mf i)f> /^^P
Ro STim Tu p ^

System Data Imp. Vol. (End) Vol. (Start) AVol. (ml)
fd '- I.0t4

Meter Box #ei054(.-^H@= 
Date last Cal. 3/7t//5 
Probe #

»i l?S — loo =
»2 . \o\ — too = 1
13 3—0=3

Liner Material
Nozzle #
Diameter Cin) ,/i?5 
Thermometer # •• • -

Total
j(4 g(End) g(Start) A grams

Date last Cal, i Total Vol. HjO /O / ml
11 2 1 3:1 41 51 61 71

Sampling Time Particulate Condensate Fuel Flow Load ^pitot Stac)t Press. Barometric
Per Point, Hln. Wt., ir.g Vol., ml galAr MW In.Hg-Gauge Pressure

/80 lot, ^ •i^3 ’-.^5 30.06
1 11 21 3 1 41 51 61

filterH^C

Particulate Wts

Filter
Front Half
Acetonepg
EPA-5
Total ng

TEST RESULTS
Test Averages:APs -1^ Tstack -
AH ■ f ^(a Tmeter " ***

Sample Vol.-

JO 
g OT>

8
2

1)
24
<5
53
1

Sample
Point Time METER CONDITIONS TEIIPERATURES, “F

°2'' Vac.
APs AH Meter Reading Stac)c Probe Oven

Impinqers
In Out

13 ul 0 e.v '.S' 971 — (o3 «0 )?.(o S
,5-g (o^5g.2f 7>b — 42^ ?? 17.7 3

3o 2.IT ■ ■ 773 — — 60 3o I?.? 3

gs- ^.ir .STp yii/' -------------- ■ — AS °I0 S3 17-7 7.9
60 .!)l. I«i98?.?3 ?73 — tr loo S3 n.F
?5- 7.T- . JL (p'^gt..73 77S

■—

f^T »1 nr 17.L 7.9

iZ .51, 7005.43 vr ---- —- ??5 33 lot 7? 1>,L 1.?

'or 1-2^ .51. 'lon.zg —- SV )0Z 17.«p 7.?
>^o tl. .5L. 76t3.79 7?<a — ?( lot 17.? 4,9
• iS" — —
'TO — —

• 11.5 zz. .a. ?o50,7o 77(o ■■ —• — (<>(, \0, 17.(o '7.?-
' 1 IHo 2.7 .w- 7o59. 7o ?7f — uu (o^ 17.(p 7,7

. 1 - 70W2.U
1 1
1 .
1 I

r. 1 '1 / 1 1
r 30C

! ,5(.^ m.-3 1 1 15,

ilO.sj Ft
(meter)

Percent 0^ -

^staclt gas “ 
Velocity •

Total Sample 
Time ■

J-28)
_fti%ec

min.

Comments:

KVB71 66500-2052 
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RUSXOIM / BWC 

PARTICULATE EI1ISSI0NS CALCULATIONS

ss:ss:s::::ss:::s:ss5:s:::ss:::ss::sss:sssssss::::ssss:ss::s::s:ss:::::s::s=:sssr: :ss:::rssrs::s:ss

)

)

) TEST • 1 DATE .5-18-83
LOCATION STACK UNIT NUnSER P 2202 B

) SMniNG TRAIN AND NETHOD EN 54A/HET Iff. DATA BY PRODAN
FUEL GAS BM^AHETRIC PRESSURE (IN. HC) 30.08

) REFERENCE TENP. (R) 530 PITOT FACTOR .83
NOZZLE DIA. (IN.) .1875 STACK AREA (FT2) 12.57

) STACK TEIP. (R) 1234.3 STACK PRESS. (IN. H20) -.85
STACK CAS SPEC. GRAVITY 1.003 EXCESS 02 (Z) 17.65

) HETER TEHP. (R) 555.14 ORIFICE DIFF. PRESS. (IN.H20) .56
HETER CORR. FACTOR 1.064 StfPLE TIRE (HIN.) 180
VELOCITY HEAD (IN. H20) 2.19 SAMPLE VOLUHE (CF) 110.58
TOTAL LIQUID COLLECTED (HD iOl.7 TOTAL PARTICULATES (HO 17

sssss8:ssss:ssss::sr:r:s:s::ss:s:s:sss:::::ssss:ssssrssr:ss::ss:::srs:sssss::::::s:::s::::ss::s::s::

SAMPLE CAS VOLUME 

WATER VAPOR 

MOISTURE CONTENT 

ABSOLUTE STACK PRESSURE

STACK CAS FLOW RATE, ACTUAL 

STACK CAS FLOW RATE, WET 

STACK CAS FLOW RATE, DRY 

STACK CAS VELOCITY

ISOKINETICS

CONCENTRATION
CONCENTRATION
CONCENTRATION

•>
EMISSIONS
EMISSIONS

MATERIAL FLOW RATE

(SCF)
(SCF)

(%)
(IN. H20)

(ACFM)
(WSCF)
(DSCF)

(FT./MIN.)

ill
(CRAIN5/DSCF)
(CRAMS/DSCM)
(LE/DSCF)

(NC./JOULE) 

(LE./MMBTU)

(LE./HR,)

112.813
4.813 

4.092 

408.238

94099,012
40528.378
38869,922
7485.999

d05.68l\

2E-03
5.3224E-03
3.3E-07

8.03
.021

.775

KVB,INC
KVB71 66500-2052



lEST NO.

SW^LINC STATION
KUS.TOA) / O

WATER VAPOR AND GAS DENSITY CALCULATIONS

PACE________________

. DATE S''/^'SZ

PERCENT WATER VAPOR IN GASES

A. Gas rACssuAt at metca, Im. He (aisolote)

B. Vaaoa fAlSSUAt or watea at IMMMCEA TEMP., IN. He 

~C.-Volume or meteaeo cas, cu.pt.------------------------------------

D. Volume or watea vapoa meteaed, B»C/A, cu.pt.

E. Volume or watea vapoa condensed, cu.pt.----------

F. Total volume or watea vapoa in cas sample, D+E, cu.pt.,

G. Total volume or cas sample, C+E, cu.pt. -------------------------

H. Peacent watea vapoa in sampled cas, 100«F/G

GAS density correction factor

Component

WEIGHT PEA mole
Volume Peacent/ioo i moistuae Coraection a mol. wt. - wet Basis

•Water 0°{Zl .0 40^11 1.0 18.0

Carbon Dioxide '0ZZ5 0«T «*SIS 0 . 44.0 0.95
Carbon Monoxide 0 DRY BASIS 28.0 0
Oxygen 0 - 32.0 5.4-5

Nitrogen & inerts , ^ DRY BASIS 0. 28.2 2/.64

• -

, ' Average molecular weight

Av. mol. wt.
J. Density or cas KErERRto to aia = 28.95

K. Gas deksitt connection pacto«
1. 003

KVB71 66500-2052



LOCATIOW — 
isnn LiZDit
OPERATORS -------

- Atco)c/» EMCVfc
TUEI,

e

TEST *n;:-iBER Z Pace 1
DATE . 5-//R /SS o* 1
AMBIENT TEMPERATURE, 'F b?_ -a txtd
METER VOL.(START/END) 7t,fcl..nX T»7l.Lr

9|lU

>itot
Jhermometer 
jeak Rate.C 
rAC, "Hg 
initials 
rest for

System Checks
Initial Final

I < .ol C .01
2\ " ri*

T>ap/rtC DAP/nF

System Data 
YJ' '-06,4

Meter Box #f/o54l>‘^H@»_
Date last Cal« 3At//3 
Probe #
Liner Material_ Nozzle #_____ "
Diameter (in) 
Thermometer ^ 
Date last Cal.

.iSyS

Imp. Vol. (End) Vol. (Start) AVol.(ml)

11 UdI — inn =s
12 . Ill ““ Icro — 11

13 3 — 0 —
• •• Total

M *g (End) g(Stard) A grams
(Silica ^0,5.. 
Gel) ----- -m*.3 = as,z

11 21 3 41 5 1 61 71
Sa.T.pling Tine 
Per Point, Min.

Particulate
Wt.,-ing

Condensate 
Vol., ml

Fuel Flow 
gal/lir

Load
MW

^pitot stack Press. 
In.Kg-Gauge

Barometric
Pressure

ffo io^-Z. ^*4 3o.O»»

Idi.'Lml

Filter*

Particulate Hts

Filter _ _ ^ 
Front Half
Acetonewq
EPA-5
Total _______ M

TEST RESULTS 
Test Averaoes:
APs -.2j_ Tjtack-^ 
AH - .(al. Tmeter " Jii

•r‘•r -

ToZ
r«?

(,oZ
(o\7-

(.'1^

Sample Vol."

Sa.mple
Point

METER CONDITIONS
• frErJ>ERATIJRES, •!

0^,x Vac.Time
APs AH Meter Reading stack Probe Oven

Impint
In

lers
Out lfi**S6Lt

11 0 7.3T .1.0 3oW2.5» n«i 83 <S 81 (?.> lo.r
IT ^.^o • Ul. ?o>l,2?. 9.3 tT-.S (0.7

3o l.M .(•u ■?ojo.3r • liz r 81 (9*2^ '15' 17.8 lo b
1 IT El ' .\p7_ T«5 *3 58 lOO 17. S' 10.7

Ia .bL 78<r «4 (.0 lol «^r 1?? 10.7

IS z>.H .Wl/ '5io8,o8 l«i 97 n.z 10.7

'lO 7.1 .U1 7ll>.Ab ntr "rT- bl •\o2. 97 lo.?

lOT Z.M .(•2' TlZlB.TO 7«r 59 WL ?8 __ 17.9 10.7

\ZO 2.4 itpl* 7\5(».o ‘ b( ,0Z 1?.? 10.7

liT 14 lb'*' 78 r FS loL *'« \7.R M.7

ISb • itV nin.ri 78? 5(8 lot^ Q9 17-8 Ibtl*
• Ib5 t-4 .(.•L Tlb'I.Jb 1R4 »• l«L 98 \7.)? ' lO "?

■\ 1 im) 2.M .bl i'viiir o*s" 1 1 °IO (a? io2 93 I7.T 10.8

. 1 -•
1
1 •
1 *.

r. 1 '1 -I. 1 1
Ivericc ! ^4 '(aT. 1 ((6.74 W 1 ! 1 iL\ 17-75

110.7-4 Ft
(meter)

Percent 0^ - Ih'^S’

HWstack gas " 
Velocity -

Total Sample 
Time ■ /So

J~28)
_ft>%ec

lain.

Comments:

Note:
AP=

KVB71 66500-2052 
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RUSTOrJ / BU»C
PARTICULATE ETIISSIONS CALCULATIONS

ssrssrsssssssssissssssssssssisrsiississxssssssssssssssssrrrsrsassssrssssrssrrsssisssiissssssssssrssisssrsssss
1

TEST « 2 DATE 5-18-83

)
LOCATION STACK UNIT NUMBER P 2202 B
SANPLING TRAIN WD HETHOD EN 544/Vin IfP. DATA BY PRODAN

)
FUEL CAS BARAMETRIC PRESSURE (IN. HC) 30.06

REFERENCE TEPff^ (R) 530 PITOT FACTOR .83

)
NOZZLE DIA. <IN.) .1875 STACK AREA (FT2) 12.57

STACK TEHP« (R) 1244 STACK F-RESS. (IN. H20) -.85

)
STACK CAS SPEC. GRAVITY 1.003 EXCESS 02 (Z) 17.75

METER TDP. (R) 556.4 ORIFICE DIFF. PRESS. (IN.H20) .62

\
METER CORR. FACTOR 1.064 SAMF'LE TIME (MIN.) 180

->
VELOCITY HEAD (IN. H20) 2.4 SAMPLE VOLUME (CF) 110.74

1

)
TOTAL LIQUID COLLECTED (ML) 103.2 TOTAL PPfTICULATES (MG) 9.1

==z====r====================:==:===:====x==============================================

•• SAMPLE CAS VOLUME (SCF) 112.662

WATER VAPOR (SCF) 4.884

) MOISTURE CONTENT (%) 4. 155
ABSOLUTE STACK PRESSURE (IN. H20) 407.966

)
STACK CAB FLOW RATE, ACTUAL (ACFM) 98926.623

)
STACK CAS FLOW RATE, WET (WSCF) 42247.229
STACK CAB FLOW RATE, DRY (DSCF) 40491.745

)
STACK CAS VELOCITY (FT./MIN.) 7870.057

ISOKINETICS (%) 101.312
)

CONCENTRATION (GRAINS/DSCF) lE-03

)
CONCENTRATION (CRAMS/DSCM) 2.S5287E-03
CONCENTRATION (LE/DSCF) 1.8E-07

) EMISSIONS (NC./JOULE) 4.441

EMISSIONS (LB./MMETU) .012

)
MATERIAL FLOW RATE (LB./HR.) . 433

zzzzzzzzzz-zzzzzzzzzzzzzzzzzzzzzzz-zzz~zzzzzzzzzzzzzz==zzzz=-zzzzzzz-:zzzzzzzzzzzzzz:zzzzzzzzzzzzzzz-zzzzzzzz

KVB^INC
KVB71 66500-2052



( . ItST NO. a.. PACC.

sak«>linc station
RuSToa) /]3u)C DATE

WATER VAPOR AND GAS DENSITY CALCULATIONS

PERCENT WATER VAPOR IN CASES

A. Gas pkcssuhc at metcr, m. He (AisouoTt)

B. Vapor prissorc or wattr at impihcrr temp., in. He 

-1C.-Volume or mctereo car, cu.rT.---------------------------- -

0, Volume or water vapor metered, B»C/A, cu.rT. 

E. Volume or water vapor condensed, cu.pt.-------

r. Total volume or water vapor in cas sample, D+E, cu.ft, 

G. Total volume or cas sample, C+E, cu.rT. -------------------

H. Percent water vapor in sampled cas, I00«F/G

GAS DENSITY CORRECTION FACTOR

Component Volume percent/ioo ■ moisture Correction r Mol. wt.
weight per mole 
WET Basis

Water 155 % .GA\SS 1.0 18.0 6.IS’

Carron Dioxide fO?Z^ *>"T RASIS 44.0

Carron Monoxide 0 DRV RASIS 28.0 0

OxvcIn 32.0 44

Nitrogen a inerts , ^03 DRY RASIS 28.2

•
.

• -

• * •A AwrBAprr BinirrtiLAB vcicht1

Av . Mol. wt. _ . ^^4-

K. Gas oimsitt connection pactor

KVB71 66500-2052



* LOCATlOll —
V^M pAfc-OV. TEST 'TU^-EER 3

4 Awlst-NIT ■£- r.-pr," DATE . £'/(9/n
OPERATORS PisVg'C. yPooD/Srl AMBIENT TEMPERATURE, *F

METER VOL.(START/END)

System Checks
Initial Final

Pitot
Thermometer 
Leak Rate,Cl 
VAC, "Hg 
Initials 
Test for

I ^.ol <.o«
7.Z Z|

OAP/mP OAf/mp

System Data

Meter Box _Date last Cal,_3/2^An. 
Probe # (
Liner Material SS 
Nozzle #_____________
Diameter (in; 
Thermometer ^ 
Date last Cal.

Vol. (End) Vol. (Start) AVol. (ml)

M
K)
o>

o9it>

<«IO

10 tS 
'0*10 
loy? 
mo

H»
115?

lim
\Z'5T

»l 23S - =r l3iT
»2 -101 z= (■ 5R)

13 n- - 0 =

H
’g(End)

Total
g(Start) A grams

(Silica ■ 5-98 .9 ■. - 56,9.G = 30,3
ueXi *

Total Vol. H2O MS.? ml

01 ,

filterU 7-
Particulate Wts

Filter ng
Front Half
Acetone mg
EPA-5
Total og

11 21 3 41 5 61 71
Sampling Tine 
Per Point, Min.

Particulate 
Wt., -irg

Condensate 
Vol., ml

Fuel Flow 
gal/hr

Load
MW

^pitot stack Press. 
In.Hg-Cauge

Barometric
Pressure

I9t> //4.3 A4Vo Z^.9h

TEST RESULTS 
Test Averages;
AP, - TstacJc ■
AH ■ ^ Tmeter "

3Sample Vol.>
Sample
Point Time hETER CONDITIONS

TE/IPERAT JRES, ’F 0
K

l Vac.
APs AH Meter Reading Stack Probe Oven

Impinqers
In Out

13 is .lo2- 7l73ii *797 398 3o3 •To Uo ■»r 'f.SV ur
'S’ t T •T 8^. -?c HuC 23y 'iZ- 31} 1 f ' Ic ii.5

30 i s U? ■?igi.9i ■ 79 C 4M8 Wc lMD 6^1 '1« 1' 17 I" IZS
IS 7ZC1. «n> 790 M40 303 270 iTl (01 17. r »?.5
is 7Eo'o,Hr 775 mz 3<ro Zso 3T IDI of MS 12.5

is is .loV 7?'9.71. T)l« 93r 3o5- OL ??- IVS 'M

zs .(,1, nl7<i.ZS 70S’ Mlv &r 2H>1 6W 101. ?? iT.*r i2.3

K>r IS .bv 7i38.i-l ijo 3oo 25T 59 \0t. ga nr U.5
llo IS ?Z41.3t i7i 300 ZuO 'em ^03 [IS ‘ 11.3

^IS 2s .{^L llS^K 77T MSS' ZSD S9 \o3 M.S U 5
15U ?.s 72W., S-U 79y H3*- 'ios 2(f0 \«3 •iT io.r (LI

* is .(si nijr. 8S 79t ■ mr 3or ?toS sr jo'j n.f 'U-3

> f ikd .. -Itl 12S5.I4 99? HSr 3oO 2kA 5T 10'^ (OD Mb IZ.5

7a«.Z(.

1 1
I *,

a* Uo \

1 ^
vtrice ! z.s ' .(P^ 1 fl4.G5 ! f

//4.AS~ Ft
(meter)

Percent 0^ ■ l7,Sf

M”stack gas " 
Velocity -

Total Sample 
Time ■

_l~20)
ft/%ec

MS’ min.

Comments:

KVB71 66500-2052

Note: A \ 2
? /v:'AP|
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RUSTOrj / BWC 

PM^ICULATE DIISSIONS CALCULATIONS

s:::r::::::::::rsE:::::::::z=rr:2:s:r::::z::::z:rs:::::::s::::::2===:=::r:s:r:=:rs:r::s::z:

TEST «
LXATION
SAtPLING TRAIN fUD RETHOD 

FUEL
REFERENCE TOP. (R)
NOZZLE DIA. (IN.)
STACK TDP. (R)
STACK GAS SPEC. CRMITT 

riETER TERP. (R)
RETER CORR. FACTOR 

VELKITY HEAD (IN. H20) 
TOTAL LIQUID COLLECTED (RL)

3
STACK 

EN 54A/R-5 

GAS 
530 

.1875 

1254.4 

1.004 

557.7 

1.064 

2.5 

114.3

DATE
UNIT MHBER 

DATA BY
BARtflETRIC PRESSURE (IN. HG) 
PITOT FACTOR 

STACK (FT2)
STACK PRESS. (IN. H20)
EXCESS 02 (Z)
ORIFICE DIFF. PRESS. (IN.H20) 
SARPLE TIRE (HIN.)
SARPLE VOLURE (CF)
TOTAL PW?TICULATES (RG)

5-19-83
3

PRODAN
29.86

.83
12.57
-1.2

17.51
.62
180

114.65
27.1

ss::sssssssss:sss::s:s:ss:sss::sss:s:ss:s:sss::ss:::::s:::z:s:s::ssss::sss:sssss::s:ssrssrrssssssss::sss:::ss

SAMPLE GAS VOLUME 

WATER VAPOR 

MOISTURE CONTENT 

ABSOLUTE STACK PRESSURE

(SCF)
(SCF)

(%)
(IN. H20)

115.595
5.41
4.471
404.896

STACK CAS FLOW RATE, ACTUAL 

STACK CAS FLOW RATE, WET 

STACK GAS FLOW RATE, DRY 

STACK CAS VELOCITY

(ACFM)
(WSCF)
(DSCF)

(FT./MIN.)

101720.679 

42756.107 

40844.623 

8092.337

103.052

CONCENTRATION
CONCENTRATION
CONCENTRATION

(CRAINS/DSCF)
(CRAMS/DSCM)
(LB/DSCF)

4E-03
8.2S034E-03
5.2E-07

EMISSIONS
EMISSIONS

(NC./JOULE) 

(LB./MMETU)
11.976
.031

MATERIAL FLOW RATE (LB./HR.) 1.267

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

KVB/INC
KVB71 66500-2052
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(; ItST NO. PACE.

SA>«>LINC STATION
/&OC DATE

WATER VAPOR AND GAS DENSITY CALCULATIONS

PERCENT WATER VAPOR IN CASES

A. Gas fACSsuAt at meter, Ik. He (aasolute)

B. VAAOA fAtSSUAE or WATER AT IMflMCEA TEMP., IK. HC 

~C. Volume or meteaeo cas, cu.rT. ----------------------------------—

D. Volume or water vapor metered, B»C/A, cu.pt.

E. Volume or water vapor condensed, cu.pt.----------

r. Total volume or water vapor in cas sample, D+E, cu.pt.. 

G. Total volume or cas sample, C+E, cu.pt. -------------------------

H. Percent water vapor in sampled cas, 100«F/G

GAS DENSITY CORRECTION FACTOR

WEIGHT PER mole

Component Volume percent/ioo i1 moisture Correction j1 MOL. WT. =: WET Basis

Water 4-.4T'1 */« 1.0 • 18.0

Carbon PioxIDE .OZ^3,3 •**'* .^553 44.0 o.n
Carbon Monoxide fg DRY BASIS

’ .^553 28.0 OS

OxvcEn
•. R33 dry basis 32.0

nitrogen & INERTS . ^034 ■**'» 28.2 UM
• ;

• -

• •t Average molecular weight ZS.l-b

Av. Mol. wt.
J. DENSITT or CAS KErERRED TO AIR = 28.95

K. Gas OEnSITT CONNECTION PACIOR I, oo4
KVB71 66*500-2052



LOCATXOM • 
WIT
OPERATORS

l^u
fZTOtA pygj^- , GAS

System Checks
Initial Final

>itot'
?hermometer 
jeak Rate,Cl 
rAC, "Hg 
initials 
Pest for

I 4.*, ^'.ol
t2" ■Lt"
^ar/wF

€u!tTfT\

a

TEST ’.n^’r-BER Pace i _
DATE . Of -1
AMBIENT TEMPERATURE, *F
METER VOL.(START/ENO)

System Data 
Yd t.ooi

Meter Box #f^s4tAE@^ 
Date last Cal. Wgr.//? Probe #_______ ^ ‘
Liner Material. 
Nozzle #______”
Diameter (in) 
Thermometer ^ 
Date last Cal.

,Sb
oT

lo
ir

'Tt»

>lo

:n>
UoT

i»rb

11 21 3 41 5 1 6 1 71
Sa.T.pling Time 
Per Point, Min.

Particulate 
Wt.,-mg

Condensate 
Vol., ml

Fuel Flow 
gal/hr

Load
MW

^pitot Stack Press. 
In.Hg-Gauge

Barometric
Pressure

f2o V. /.Z
l uJuiC 11 21 3 1 41 ,51 61

Imp. Vol. (End) Vol. (Start) AVol.(ml) Filter* jt g
11 ISO -- l<50 =r SD
12 . J12 — loo = Particulate Wts

13 H — - o_ — *? Filter mg
• •a

Total 8-(a Front Half
»4 g(End) q (Start) A grams

Acetone mg
EPA-5
Total mg55^.7 • — 532.5? = 25.0

Total Vol. HjO ///»? ml •

TEST RESOETS
Test Averages: .AP.-2:? T,tack-S^ 
/|\H- • «CgCa Tmeter “ /mO

T
•r

Sample METER CONDITIONS rErj>ERAT JRES, "F'
o.,% Vac.

Point Time APs AH Meter Reading stack Probe Oven impin^
In

yers
Out

”2'

13 0 2.7 At, 7zF8,5Z, *iJi(. V.5 ?(.a )OT 5V I7.L 12.0
I'S 2.7 .U(o ?)l Hoo 30S- ZiO S\a Mo «r 17, U )2 1
3a 2.7 73or..6'b' ?io arr Ttr 52 72. n.5 \2I
•/fi- z.> ' .(.(a 03K.' \4 (?«0 M'35' JiO 2ur n ml n.T (Z.l

“1
Ln ?.7 a UU ■7S25.(.o &^\ 13^ 30T 2Lo 5^ \oi Mw 17.5 \l.\

TS- 2? .Ul. V33H.7* 611 HMo 2g5 2sn SR \o^ If »f.r IZ.3
% 2.7 1 (9W 711 i. IT ^)0 •130 3)r ?%.r Mk )7.r I2.M

)oT ».? Mir 29o ZbO SI* 1*>?T *'? )7X' /2-H

llo 2.7 .leW nsw.oi «)2^ Z9n zsr • 57- lOL \7.||> ■ I2.S

1 2> .(«(. 7372 «IE tfdz 2£r 67- |o2. 58 )7.T >L.1

2.7 .(•u 138).95 81L M1o Zto ?5o sw )0L ?* 11. u •2.5
“T^ 2.7 .(f(« 7371.Mo 3o8 Mio 3I5 2iiO 5\, lol ?2 n.r 'u.r

1 iRn 2.7 a(»W OHoo.?^ 8o7 Hir nr 2sr J2L. )7.r ii.r

. 1 -• '
1
1 .
! *,

a*
a*

\l%0 ) • I I
Aver^cc 1 2.? KZ.Z^ 2l\.) I I 1 % ll^SS

(meter)
Percent 0^ -

MWstack gas "1-28) 
Velocity -foiec

Total Sample 
Time ■ min.

Comments:

KVB71 66500-2052

Note; A \ 2
? Aap,
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)

)

RLJS'TOIXJ / BWC 

PARTICULATE EHISSIONS CALCULATIONS

TEST « A 

LOCATION STACK 

SAMPLING TRAIN WD METHOD EN 546/H-5 

FUEL CAS 

REFERBO TDV. (R) 530 

NOZZLE DIA. (IN.) .1875 

STACK TEMP. (R) 1271.1 

STACK CAS SPEC. CRAVIH 1.00^ 

METER TW. (R) 556.5 

METER CORR. FACTOR 1.064 

VELXITY HEAD (IN. H20) 2.7 

TOTAL LIQUID COLLECTED (ML) 111.9

DATE 5-19-83 

UNIT NUHBER P 2202 A 

DATA BY PRODW 

BARtfETRIC PRESSURE (IN. HC) 29.75 

PITOT FACTOR .83 

STACK <«EA (nZ) 12.57 

STACK PRESS. (IN. H20) -1.2 

EXCESS 02 (Z) 17.55 

ORIFICE DIFF. PRESS. (IN.H20) .66 

SAMPLE TIME (MIN.) 180 

SWT'LE VOLUME (CF) 112.27 

TOTAL PARTICULATES (MG) 8.6
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

SAMPLE GAB VOLUME (SCF) 113.033 . j
WATER VAPOR (SCF) 5.296

MOISTURE CONTENT (%) 4.476

ABSOLUTE STACK PRESSURE (IN. H20) 403.4 1
STACK CAB FLOW RATE, ACTUAL (ACFM) 106609.71

JSTACK GAB FLOW RATE, WET (WBCF) 44058.976

STACK CAS FLOW RATE, DRY (DSCF) 42087.007

STACK GAS VELOCITY (FT./MIN.) 8481.282

IBOKINETICB (%) 97.793

CONCENTRATION (GRAINB/DSCF) lE-03

CONCENTRATION (GRAMS/DBCM) 2.68726E-03

CONCENTRATION (LB/DSCF) 1.7E-07

EMISSIONS (NG,/JOULE) 3.933

EMISSIONS (LB./MMBTU) .01

MATERIAL FLOW RATE (LB./HR.) .424

zzirzizzzzzzzzzzzzrzzzzzzzzrzzzzzzzzzzzzzzzzizzzzrzzzzzrzzzzzzzizzzzzrzrrzzzzzzzzzszzzzzzzzzzrzzzrzzrrzzzrrz:

KVB^INC
KVB71 66500-2052



i

TEST NO. PACE.

SAluPLINC STATION
kusTo^ V DATE -5~

WATER VAPOR AND GAS DENSITY CALCULATIONS

PERCENT WATER VAPOR IN CASES

A. CAS PIICSSURC AT MtTCR, IM. HC (aISOLUTI)

B. VAPOR PRtlSORC or WATCR AT IMPlHCtR TtMP,, IK. HB 

"•C. ' VOLUWR or MtTCRtO CAS, CU.TT. ---------------------------- -----

D. Volume or water vapor uctcreo, B«C/A, cu.rT., 

C. Volume or water vapor condensed. cu.rT.---------

r. Total volume or water vapor in cas sample, d+e, cu.rT.. 

C. Total volume or cas sample, C+E, cu.rT. ■. . -

H. Percent water vapor in sampled cas, I00«F/C

CAS DENSITY CORRECTION FACTOR

Component Volume Percent/100 a moisture Correction r Mol. wt.
WEICMT PER mole 
Wet Basis

Water 4*4'H7o .0 44^T-(, 1.0 • 18.0 O^S'I

Carron Dioxide /d)^52. BASIS •1552. 44.0 OM
Carbon Monoxide ^ DRY BASIS . Issi 28.0

OxvcIn

-------^--------------------------

.1^44 •*»'* .15^2 32.0

Nitrogen 8 inerts .i'0i4 ■**»* • 15S? 28.2 21,U
•

.
•

m

•
■ ' ' Average molecular weight

Av. mol. wt.
J. DcnSITT or CAS KErtRREO TO AIR = 28.95

K. Cas dchsitv connectio* pacti

■All

I. 004

KVB71 66500-2052

J



(

unit

PARTICULATE WEIGHT DETERMINATION 

_R^tA.ST<>0 ^ _____ Date(s) By

Balance Make Torkal - I

S/N I4t.0(/>C

_______ Containeir- (G) or<^ilter''^fF^ Number

r (j> ?
Ml Evap.

Initial Wt 
Trial l3j7.A- d,k(pS'l. 6,66/^ /i?, OCfO^

HSo
4o.S%R.}f. 2i/i4 0.66/;?' <^.65^4 o.Uo4

aiio
5ts%R.H. 3J//IT oG(,lf <3.6534 0.6C.0J

4

Ava Weioht 5.665-7 0. (a^iBr ^?.6TS4

Final Wt l^>wj; fl. (/CpSL t.^loZO 0,6544 d>65<?o5? % K. ri,
2 4/j o^C>C>Z\ 0.65^46 0. 63^3

3 6/5 0,0(oZ\ ^-65iJ3 .

4

Avq Weioht 0.6653 O.GUU O.GS^I 0.63#Z
Final Wt
Avg, gm <?-66S3 o.6,cz,\ 0-6547 6.66g^^
Initial Wt
Avg, gm 0,66 0-66/^ 6-6364 6.66 64
A Wt, mg

OJ -<9,? '2,3
Blank
Corr.. mo * f —1.---------M/S’-------
Particulate
Wt, mg 6. / 6>- 3 c/ Of
Point

. Assignment

KVB71 66500-2052



PARTICULATE WEIGHT DETERMINATICaJ 

unit RUSTOO IXlOC Date (s) s/z-!s^ By

Container (C) or Filter (F) Number

1 z 3> 4 L 4
Ml Evap.

i-Tx^e 1- f^06£ 2-
A-7t

z-fK.o*e
ZZS^

3' reoee. 
2^0

4--IISP

Sof
Initial Wt«J«» 
Trial 1 (,/i /0<ir loi. 1^01 /OS.SooS JDS.20^ !(A:»rL M.zAAo h/./HL,

3?%
/o/^ 2 (J? Icff.-TAfz loS.SooCf JOS.Zo7t M.W/2 ItAr.lAl^ /ol. tm

3T/oR H.
/^oo 3 C/t iifi. -m\ /of.l4dO Soo ^ hs.loto lo^.Xfllo yo4. 24H loir ISAS'

4

Avo Weiaht loir mi lot. 2I00 It^.Sto^ hs.vm lo4-.VJzs /o4 244o 10/. /3fJ
3^/of^.W. 9cPF

Pinal Wt 1 /alMUo //I P.24-5 Q_ Jos, /oS.zner /flf. ZLoS JOLMOA.
/i?o

/0g.ll32 /DSrSOir^ J0S.2117- loi.uis J0J.H2I
3r/otH. lt»o

3 ibl.Uto hf.ino los. SoTO AiS.ZiZO Jbi3033 /d/. 14-35
87Zf.ff- aPoo

4 4/7 fo% ^2/ toi. 2iJS JOS’, scfh /os.zin M,.203\ /of. 2^/6 lot. 14-31

Ava Weiaht mm\ b9-.zVs ns Sob /of. 3031 /of. 24/6 bl.lUz
Final Wt
Avg, gm I0^,V\IS loSSob los.zu*i /6f. 3W/ /of. 26/6 /oj./4n
Initial Wt
Avg, gm m.mi l9&<Vioo jot. soo? los.lo7*i joA.Tfno /04rtm
A Wt, mg IS.0 3.5- {p.2, 4.0 !\A n.uBlank
Corr.. ma ho O.lc 1.0 d.£ hO 6.(0 IrO

Particulate
Wt, mg /4.0 z.^ 3“. 3 hS Id.l /f.o T-.4
Point
Assignment

Balemce Make TorWl 

S/N l4^0(oCo
EA-\

KVB71 66500-2052



PARTICULATE WEIGHT DETERMINATION

unit BuX: Date (s) L/t/^3 By

Container (C) or Filter (F) Number

/<D

Ml Evap.
4-PKCBE: //t© 6/pnii;

JOO
3?%R.H. 8o*P 
Initial Wtosoo
Trial 1 Ul /00.6,3fi

3^y. K. H' 8‘6*/= 
/d/£' (oft, 2
3?%R.rt. S/"/=
/2oe> Cfh. 3 /OO.G311 V.goll
’ --------------

4

Ava Weiaht IbD . 6311 ‘J?. A>/ 3
U-

Final Wt 1 t/3 ??Jon
2 6/3 /£>0.6J3^ Uio)^

IZ30 
3 6/6, I0a.ui2>l- ntoA •

37%/P.V.
Ptf*/= 4 6/? -63B-7 11 »0!U
Av<? Weicfht /60.6J3? J7.s^l£
Final Wt
Avg, gm I0O.GZ21 9^-^/s
Initial Wt
Avg, gm IhSoii
A Wt, mg o.z.
Blcuik
Corr.. mg ,8

,t0^tA

Particulate
Wt, mg 1*0
Point
Assignment

Balemce Ma:ke Tor/id 1 - /

KVB71 66500-2052



K^PflR.ok. “
0 f 0^ 0 ^■juyO «5rn^

Vf/orJv P /20Z 6

j>X 1 -
2

V' >5
i’4 H 32''^

J ir 3S
1 << n 3^

i"
i 5 •7 38

4 Vo W

7 - 7^ '9 Vi^/8

? 7o HI

5 n 21

(0 13 72. H3\

'/ ^3 Vfc 'V
12^

1/
/9 8 2-/
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JOB:

(i«5^
GAS VOLUME DATA

IAlico /ft ________

PITOT TUBE TRAVERSE

TEST NUMBERl f ^OT. ^

DATE I M4 TIME: OT^O

TEST NUMBER: ^ 7 A

DATE; 3■Jnji TIME:

AVERAGE GAB VOLUME (CFM) - 136.
FORM C-M

POINT
A Tpr^P

vcLOiefrY
FTy/SEC.

ujrs'T'
POINT

-Af

VELQprfr
Ft;<»ec.

I 7H‘< i.i

Z 3.Z \.v
i 3-<e «ei 1.? 8o?

f0(o 1.8 80?

r 3.x So? nu \.2 8o8

0 3.8 &o? 80S

7 gog ^ce
2 2.(p 8o? • 2.0 S08

3S 8og 2.0

10 3.3 n.u 2.1 \7-)5

u Z.\ 2o2 2i

\z 2.U 8og 2.H 8o8

'3 2.2, 5? 00 ?.H SoR

2.» 2.1 gofa

'S' e.\ gcS n.u 2.0 80?

I'B ZA fiob" 1.8 ?b?

'7 2.1 goT 1.8 go?

1? 2.1 Soi '.7 8or

19 2.1 86^ 1.7 gos

70 2.2 h (o 1.7 n.u
2.1 1,8 8o4

2^ ?.3 8M IS

2\ 2.1 8T>1 ,.8 gb'f

IH 2.1 1.8 SoH

1.2 1.2.

[Ij ■* M-c '

u - >6\-L>

AVERACE VELOCITT ( FT./BEC. 1 Average VELOCITY (Ft./Sec.)

.FLUE OR STACK AREA (SO. FT.) Flue or Stack area (Ba. FT.)

Gas Volume (CFM) Gab Volume (CFM)

GAS ANALYSIS

TEST NO.

LOCATION

HiO

GAS VELOCITY DATA

TEST NUMBER

Pitot Tube Correction Factor • Fs

Denbitt of Gab Ref. to Air • Go

Flue or Stack Prebbure ('Ho) . Pa

CALCULATIONS

TEST NUMBERl.

v. = w( )lf»
V.= (

TEST NUMBER:.

v. = a.,(
.< )|/»

v. = ( t
PLANT CONDITIONS

FUEL TYPE

FUEL CONSUMPTION RATE

MATERIAL PRODUCTION RATE

SEE PAGE____

TRAVERSE LAYOUT.

KVB71 66500-2052
-FOR FLUE OH STACK



JOB-. /?M5TMy
GAS VOLUME DATA

7ijr5i'0£ /WMi/fW - Pf*>uMo£ My yua/f7/9
(boC
^ PiTnx •

jlrEST NUMBER; F 220Z B>
TEST NUMBER:

DATE; 5"//?’/f3 TIME; DATE; si Inti'S TIME;

Flue OR Stack Temferaturc (*F.)
1 t

Flue OR Stack Temperature (’F.)

JaiWT--CiJfsr:
v&rt.
>.</Sec. fr Velocity

Ft./Sec.

V 2-^ I. S'
V/r J.\ 773 I.T- ?Ho

Z-3, 72-3 I.9 7H0
3yt‘ 731 \-9 7lo

72^ 17-7 \.3 THo Y)\

1.9 7H3

3.2 7ii 1.7 715
V/i 3-? 7^3 ■ Pa 713
II" 7(oO Z-0 7H3
13" 3-4 %o n.io 2.1 710 17,U

*1

M 711

H Vt 7SI Z.3 711

mi 2-1 2.S' 711
izyi 2.» 1S2 712^

33' 2.0 7S2 17.(p 2.0 712- \>,7
3?" ns*! l.S 71

Z.o I.7 7m0
n'‘ 2-0 7sN U. 71°
41'/;' 7n> Iii0 710
43" 2.t 7H \'it lilz? 7lo 17.9

2.1 Ho l.o 739
45 V 2.1 1? 71o
4b f' ?.» 731 ].n 710
4U" 73T n 71o

SrTftlic .8r ' - .A \
2.?-;

■T^y-c/ 4/f.
{

AVCRAGC VELOCITY (FT./SEC.I AVERAOE Velocity (Ft./Sec.)

Flue or Stack Area < So. ft. )

Oas Volume (CFM>

u)e>^T,

AVeRAaC OAS VOLUME (CFM) -
rONM B.I4

GAS ANALYSIS

TEST NO.

LOCATION

GAS VELOCITY DATA

TEST NUMBER

Pitot Tube Correction Factor - Fs

Density of Qab Ref. to Air • Qd

Flue or Stack Pressure (*Ho) • Pa

CALCULATIONS

TESTNUMBERi.

* Pa Gd *

v. = 25( )|f»

v. = ( )lf«
TEST NUMBER;.

V. = 2.9( 

V.= ( )

29.92 l.OO
--------X---------

.< )(/“

PLANT CONDITIONS
FUELTYPE

FUEL CONSUMPTION RATE

MATERIAL PRODUCTION RATE

SEE PACE
KVB71 66500-2052

_____FOR FLUE OR STACK

TRAVERSE LAYOUT.
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APPENDIX J

GAS TURBINE NEW SOURCE PERFORMANCE STANDARDS
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INTEROFFICE MEMORANDUM

TO:

FROM:

All California Engineers 

R. D. Griffin

DATE: Nov. 30, 1979

NO.: 10-617

SUBJECT: GAS TURBINE NEW SOURCE PERFORMANCE STANDARDS

In speaking with Doug Bell of the EPA (919/541-5477), ESnissions 

Standards Division, concerning the NOx limits on gas turbines for NSPS, several 
errors were uncovered in the basic equation for calculating NOx. According 

to Mr. Bell, the equation (as published in the Federal Register on September 

10, 1979) should read:

NOx (tr
119(H , - 0.00633)1ODS

\ amb /

where
NOx
NOxobs

obs

obs

NOx at ± 5.0, stauidard conditions 

NOx at 15%
Pressure observed at combustor inlet 

101.3 kilopascals (1 standard atmosphere) 

2.718
Specific humidity (lb water/lb dry air) 

Ambient temperature (*K) at test

These corrections will probedily not be published for some time (accord

ing to Mr. Bell), but we should be aware of them.

Reference Test Method 20 is, of course, now required for NSPS compliance 

testing on gas turbines.

RDG:gc

(
KVB71 66500-2052

A Research-Conrell Company
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